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WH The vitamin and lipotropic agent, INOSITOL is included in the 1955 edition of the Uy 
72 National Formulary. 
Yj This pure, crystalline, naturally occurring component of the vitamin-B complex is a constituent WY 

Yj of an important class of phospholipids and one of the lipotropic agents which help to regulate Y 
V4 the metabolism of fat and cholesterol in the animal body. INOSITOL has been shown to Yj; 


have a synergistic action with other lipotropic agents. 


Y ARGO" INOSITOL, N. F. is shipped in5,10,50 and 100 pound containers. A summary FY 
7 tj 


Y, of the recent literature is available upon request. Chemical Division, CORN PRODUCTS Yj, 
7: — REFINING COMPANY, 17 Battery Place, New York 4, N. Y. So 
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FIRST INTERIM REVISION ANNOUNCEMENT 
NATIONAL FORMULARY 
TENTH EDITION 


N.F. X 


Official from December 15, 1955 


By virtue of the authority conveyed in Chapter III, Article X and Chapter LX, 
Article V of the By-Laws of the American Pharmaceutical Association, the Council 
of the Association appointed the Committee on National Formulary, approved the 
text of this Interim Revision Announcement prepared by the Committee, authorized 
the printing thereof, and fixed December 15, 1955, as the date upon which it shall 
become official 


Ropert P. Fiscueis, Secretary Justin L. Powers, Chairman 
Council of the A. Pu. A. Committee on National Formulary 


Copyright, 1056, by the 
American Pharmaceutical Association 
2215 Constitution Avenue 


Washington 7, D. C. 


All Rights Re served 


ADDITIONS, CHANGES, AND CORRECTIONS 


The page numbers cited refer to N. F. NX. 

General Notices, page 1 In the section Vegetable and Animal Drugs, 
page 11, insert after the first paragraph under Foreign Matter, the 
following: 

The amount of foreign inorganic matter in vegetable or animal drugs, 
estimated as Acid-insoluble ash, does not exceed 2 per cent of the weight 
of the drug unless otherwise specified in the individual monograph. 
Amphetamine Phosphate, Dibasic, page 49 Change the first paragraph 

in the monograph to read: 

Dibasic Amphetamine Phosphate, dried at SO° for 4 hours, contains 
not less than 98 per cent of (CoH 

Change the paragraph entitled Assay to read: 


Assay~—-Dissolve about 300 mg. of Dibasic Amphetamine Phosphate, previously 
dried at 80° for 4 hours and accurately weighed, in 25 ml. of water in a separator. 
Proceed as direeted in the Assay under Amphetamine Phosphate, page 46, beginning 
with “Add 3 ml. of sodium hydroxide solution (1 in 10 us 


Arsenic Trioxide, page 65 Change the paragraph entitled Residue on 
iqnition to read: 


Residue on ignition —Ignite | Gm. of Arsenic Trioxide in a platinum crucible under a 
well-ventilated hood: the weight of the residue does not exceed 1 mg., page 711. 


Dimethyl Tubocurarine Iodide Injection, page 201 Change the third 
sentence in the paragraph entitled Calculation of the potency, page 202, 
to read: 
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The potency expressed in milligrams of dimethyl tubocurarine iodide (as 
represented by N. F. Dimethy! Tubocurarine Iodide Reference Standard) per ml., 
Is given by the formula: 


P 0.05 X antilog L 
otency 
Volume of Injection in each ml. of diluted Injection 


Estradiol, page 222 -Change the paragraph entitled Procedure, page 223. 
to read: 


Procedure—VPrepare a benzene solution of Estradiol to contain about 50 meg. in 
each ml. Prepare a similar solution of N. F. Estradiol Reference Standard 
Transfer, in duplicate, to separate 18 X 150 mm. test tubes, aliquots of the two 
solutions, each equivalent to 100 meg. of Estradiol. Add a few small pieces of 
silicon carbide, or a few small glass beads to each tube, evaporate the solvent and 
dry the residue over phosphorus pentoxide in a desiccator connected to a vacuum 
line for | hour 


To each tube and a blank tube, add 1 ml. of a reagent, prepared by mixing | 
volume of iron-phenol reagent with 0.45 volume of water. Close the tubes with 
rubber finger stalls, and place in a boiling water bath for 2 minutes, shaking the 
tubes after 30 seconds for a few seconds without removing from the bath. Trans- 
fer to an ice bath for 2 minutes, then remove, and add 4 ml. of dilute sulfuric acid 
(35 in 100), and mix thoroughly. Measure the absorbance of the solutions from 
the sample preparation and the standard preparation relative to the blank at 
525 my and at 420 niw making any necessary correction for cell variation. Com- 
pare the relative amount of alpha-estradiol in the sample aliquot used by the 


following formula, “4”’ representing the absorbance: 
150; mu Sample preparation — Ag» mp Sample preparation, 2 
1x05 My Standard preparation — Ao» mp Standard preparation 


The amount of alpha-estradiol in the sample preparation is not more than thre« 
times that in the N. F. Estradiol Reference Standard 

Estradiol Injection, Aqueous, page 223- Change the paragraph entitled 
Assay to read: 

Assay -Transfer an accurately measured volume of Aqueous Estradiol Injection 
obtained in the Determination of Volume of Injection in Containers, page 687, 
equivalent to 2 mg. of estradiol, to a separator, add enough water to make 25 ml., 
idd 1 mil. of alcohol, and 5 ml. of diluted sulfuric acid. U'se no lubricants, other than 
water, on the stopeocks o} the separators used througho it the assay Completely eX- 
tract the estradiol, using 20-ml. portions of chloroform, and evaporate the combined 
chloroform solution to dryness. Dissolve the residue in alcohol so that the solu- 
tion contains 200 meg. of estradiol in each ml. Transfer 1 ml. of the alcohol solu- 
tion to a 125-ml. separator containing 25 ml. of water, and add 5 ml. of diluted 
sulfurie acid. Then proceed as directed in the Assay under Estradiol Tablets, 
page 225, beginning with “Dissolve 10 mg. of N. F. Estradiol Reference 
Standard 

Hexavitamin Capsules, }aige 271 Change the first sentence of the mono- 
graph to read: 


Hexavitamin Capsules contain in each capsule not less than 1.5 mg. 
(5,000 U.S. P. Units) of vitamin A, 10 meg. (400 U.S. P. Units) of 
vitamin D, 75 mg. of ascorbie acid, 2 mg. of thiamine hydrochloride, 3 
mg. of riboflavin, and 20 mg. of nicotinamide. 


Change the third line of the paragraph entitled Assay for vitamin A, 
page 271, to read: 
page 405, mixing the sample with 20 mil. of the aleohol used in the saponi- 
fication. 
Hexavitamin Tablets, page 273. Change the first sentence of the mono- 
graph to read: 


Hexavitamin Tablets contain in each tablet not less than 1.5 mg. 
(5,000 U.S. P. Units) of vitamin A, 10 meg. (400 U.S. P. Units) of vita- 
min D, 75 mg. of aseorbie acid, 2 mg. of thiamine hydrochloride, 3 mg 
of riboflavin, and 20 mg. of nicotinamide. 
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Manganese Citrate, Soluble, page 344 Change the first paragraph in 
the monograph to read: 


Soluble Manganese Citrate is manganous citrate rendered soluble by 
means of sodium citrate, and contains not less than 43 per cent and not 
more than 47 per cent of CyHyMn Oy (Mol. wt. 543.03). 


Change the paragraph entitled Assay to read: 


Assay -Transfer about 500 mg. of Soluble Manganese Citrate, accurately weighed, 
to a 500-ml., wide-mouth Erlenmeyer flask (the mouth of the flask must be wide 
enough to accommodate the filtering crucible subsequently used). To the sample add 
5 ml. of water, 5 ml. of nitric acid, and 2 ml. of perchloric acid. Evaporate the 
mixture nearly to dryness, cool, and add 5 ml. of nitric acid and 2 ml. of perchloric 
acid. Again evaporate nearly to dryness, add 20 ml. of nitric acid, heat to boiling, 
and add 1 Gm. of powdered potassium chlorate in 100- to 200-mg. portions (Caution: 
The addition of more than a 200-mg. portion of potassium chlorate at one time may 
cause an explosive action). After each addition of the potassium chlorate, boil the 
mixture until any greenish yellow vapors of chlorine dioxide have been expelled 
from the flask. Dilute the solution to about 30 ml. with water, heat nearly to 
boiling, and pour the supernatant liquid, while hot, through a Gooch or other 
suitable filtering crucible of such size that it can be transferred to the 500-ml., 
wide-mouth Erlenmeyer flask. Wash the precipitate in the flask by decantation 
with three 10-ml. portions of hot water, retaining as much of the precipitate in the 
flask as possible, and pour the washings from the flask through the filter. Wash the 
outside of the filter crucible with water and transfer it to the flask. Dissolve 4 
(Gm. of potassium iodide in 50 ml. of water, transfer the solution to the flask, add 
5 ml. of hydrochloric acid, immediately stopper the flask and swirl it until the pre- 
cipitate has apparently dissolved. Titrate the liberated iodine with 0.1 V sodium 
thiosulfate using starch T.S. as the indicator. Each ml. of 0.1 NV sodium thiosul- 
fate is equivalent to 9.05 mg. of Mn 


Mercuric Iodide, Red, page 362 Change the first sentence in the mono- 
graph to read: 


Red Mercurie Iodide, dried in a desiccator over sulfuric acid to con- 
stant weight, contains not less than 99 per cent of Hg». 


Change the first sentence in the paragraph entitled Assay, page 363, 
to read: 

Assay~——-Dry about 1 Gm. of Red Mercuric Iodide in a desiccator over sulfuric acid to 
constant weight, and weigh accurately. 

Oleovitamin A and D Capsules, page 406 Change the third line in the 
paragraph entitled Assay for vitamin A to read: 

page 405, mixing the sample with 20 ml. of the alcohol used in the saponifica- 
tion. Then.... 

Phosphoric Acid, page 446 Change the paragraph entitled Assay to 
read : 

Assay —Weigh accurately about 1 Gm. of Phosphoric Acid in a tared, glass-stoppered 
flask and dilute it to about 120 ml. with water. Add about 0.5 ml. of thymol- 
phthalein T.S., and titrate the solution with 1 N sodium hydroxide to the first ap- 
pearance of a blue color. Each ml. of 1 N sodium hydroxide is equivalent to 
19.00 mg. of H,PO,. 

Phosphoric Acid, Diluted, page 446 Change the paragraph entitled 
Assay, page 447, to read: 

Assay Accurately measure 10 ml. of Diluted Phosphoric Acid, and dilute it to about 
50 ml. with water. Add about 0.5 ml. of thymolphthalein T.S., and titrate the 
solution with | N sodium hydroxide to the first appearance of a blue color. Each 
mi. of | V sodium hydroxide is equivalent to 49.00 mg. of H,PO,,. 

Polyethylene Glycol 1540, page 455 -Change the paragraph entitled 
Melting range to read: 


Melting range-—Polvethylene Glycol 1540 melts between 42° and 46°, page 691, 
Class IT. 
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Potassium Bitartrate, page 458 Change the paragraph entitled Cate- 
gory to read: 
Category —Cathartic 

Sarsaparilla, page 505—Change the paragraph entitled Acid-insoluble 
ash, page 506, to read: 

Acid-insoluble ash—-Mexican Sarsaparilla and Central American Sarsaparilla yield 


not more than 8 per cent, Ecuadorian Sarsaparilla not more than 4 per cent, and 
Honduras Sarsaparilla not more than 3 per cent of Acid insoluble ash, page 731. 


Sodium Dehydrocholate Injection, page 532 —Change the page reference 
in the fourth line of the first paragraph of the monograph to read: 


Sodium Salicylate and Iodide Injection, page 544 —Change the first line 
in the paragraph entitled Assay for sodium salicylate to read: 
Transfer to a 250-ml. separator an accurately measured . . . 
Sodium Thiosulfate, page 54S Change the first sentence in the mono- 
graph to read: 
Sodium Thiosulfate, dried first at 40° to 50°, then at 105°, to constant 
weight, contains not less than 99 per cent of NaS.Os. 
Vinbarbital Capsules, page 634—Following the paragraph entitled 
niification add: 
Weight variation —Vinbarbital Capsules meet the Weight Variation Test for Capsules, 
page H52 
Injections, page 685 Change the last sentence in the first paragraph 
under Containers for Injections, page 686, to read: 
The container, if made of glass, is clear and colorless or light amber in color, and 
permits inspection of the contents. 
Change the last sentence in the paragraph entitled Packaging and 
Storage, page 688, to read: 
Injections for veterinary use are exempt trom restrictions on the number of doses 


in and the size of containers 
Sterility Tests, page 719 Change the third line in the formula under 
Alternate Thioglucollate Medium, page 721, to read: 


Dextrose 5.5 Gm 


Strontium Acetate, page 779 Change the paragraph entitled Jran, 
page 780, to read: 


Tron-—-The iron in 1 Gm. is not more than 0.01 mg. of Fe (0.001 per cent). 
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FIRST INTERIM REVISION ANNOUNCEMENT 


PHARMACOPEIA OF THE 
UNITED STATES 


FIFTEENTH REVISION 


The following U.S.P. XV interim revisions have been approved, to become 
effective as of December 15, 1955, the date on which the U.S.P. XV becomes official. 

All interim revisions announced herein will be included in the First U.S.P. XV 
Supplement, which is scheduled to appear within the first quarter of 1956, and 
which will be mailed to all registered holders of U.S.P. XV who have returned the 
Supplements postcard supplied with each copy. 


General Notices, page 1—In the section, Vegetable and Animal Drugs, 
page 11, insert after the first paragraph under Foreign Matter, the 
following: 

The amount of foreign inorganic matter in vegetable or animal drugs, 
estimated as Acid-insoluble ash, shall not exceed 2 per cent of the weight 
of the drug, unless otherwise specified in the individual monograph. 
Adrenal Cortex Injection, page 22—In the second sentence of the defini- 

tion and rubric, change “U.S.P. Hydrocortisone Acetate Reference 

Standard” to: U.S.P. Hydrocortisone Reference Standard 

Make the following changes in the Assay: 

Standard preparation, lines 2 and 4—Delete “‘Acetate”’ and “acetate.’”’ 

Test dilutions, line 2—Delete ‘‘Acetate.”’ 

Calculation, lines 14 and 18—Delete “acetate’’ in both instances. 

Bismuth Subcarbonate, page 98—-In the final line of the section, Nitrate 
change “500 ml.”’ to: 1000 ml. 

Calcium Gluconate, page 116—In the rubric, change “99 per cent”’ to: 
98 per cent 

Calcium Gluconate Injection, page 117—In the section, Pyrogen, change 
“1 Gm. per Kg. of rabbit” to: 300 mg. per Kg. of rabbit 

Chlorobutanol, page 144—In the final sentence of the Assay, change 
“*5.925 mg.” to: 5.916 mg. 

Chlorpheniramine Maleate Tablets, page 152--In the formula in the 
final sentence of the Assay, change ‘+ 138” to: +137 

Corticotropin Injection, page 176—Change the Note following the 
definition and rubric to read: 

Nore—Corticotropin Injection labeled for intramuscular or subeu- 
taneous administration is assayed by the method involving subcutane- 
ous injection. Corticotropin Injection labeled for intravenous adminis- 
tration only is assayed by the method involving intravenous injection. 
Corticotropin Injection may be labeled for administration either sub- 
cutaneously or intramuscularly or intravenously provided the ratio of 


the activity found by subcutaneous assay and that found by intravenous 
assay is not Jess than 0.80 and not more than 1.25. 


Change the section, Labeling, to read: 
Labeling Label Corticotropin Injection which is recommended solely for intravenous 


VII 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLV, No 
use to indicate that it is intended for intravenous use only and also to show the 
potency found by the assay involving intravenous injection. 

Cyclopropane, page 188—-In the first sentence of the section, Acrdity or 
alkalinity, change ‘3 ml. of bromothymol blue T.S.” to: 0.3 ml. of 
bromothymol blue T.S. 

Dehydrocholic Acid, page 195-——Change the section, Melting range, to 
read: 

Melting range, Class Ja, page 929-——-Dehydrocholic Acid melts between 231° and 242°. 
In the section, Specific rotation, change “not less than +30°” to: 

not less than +29 


Desoxycorticosterone Acetate Injection, page 200-—In the section, 
Packaging and storage, insert after “single-dose” the following: 
or in multiple-dose 

Digitoxin, page 217-—Add to IJdentification test A the following, as the 
final sentence: 

At the zone of contact of the two liquids a brown color is produced which 
gradually changes to light green, then to blue, and finally the entire acetic acid 
layer acquires a blue color. 

In the second sentence of Identification test B, change “freshly pre- 
pared m-dinitrobenzene solution (1 in 100)” to: a freshly prepared 
alcohol solution of m-dinitrobenzene (1 in 100) 

In the final sentence of the Assay, change “aliquot of the Assay prep- 

” to: 30-ml. portion of the eluate 

Dimenhydrinate Tablets, page 233-—-Change the Assay to read: 


aration 


Assay —Weigh a counted number of not less than 20 Dimenhydrinate Tablets, and 
reduce them to a fine powder without appreciable loss. Weigh accurately a por- 
tion of the powder, equivalent to about 500 mg. of dimenhydrinate, and transfer 
it completely to a dry, 200-ml. flask. Add 40 ml. of alcohol, and heat cautiously, 
with swirling, on a steam bath until the solution just comes to a boil. Continue 
heating for one-half minute longer, and then filter quantitatively with suction 
through filter paper fitted on a Gooch crucible, or through a sintered-glass funnel. 
Thoroughly rinse the flask and crucible with alcohol from a wash bottle. Transfer 
the filtrate and washings to a 300-ml. flask, add a small piece of silicon carbide, and 
evaporate the alcohol solution to a volume of about 5 ml Add 50 ml. of water, 
3 ml. of ammonia T.S. and 6 ml. of ammonium nitrate solution (1 in 10), and warm 
the mixture on a steam bath for 5 minutes. Add exactly 25 ml. of 0.1 N silver 
nitrate, mix, and warm on a steam bath for 15 minutes with frequent shaking. 
Transfer the mixture quantitatively to a 200-ml. volumetric flask, using water to 
rinse the flask. Proceed as directed in the Assay for 8-chlorotheophylline under 

Dimenhydrinate, page 232, beginning with “Cool to 25°.’ Each ml. of 0.1 N 
silver nitrate is equivalent to 47.00 mg. of CyyH2NO.C,;H;CIN Os. 

Glyceryl Trinitrate Tablets, page 311——Delete the fifth and sixth sen- 

tences of the first paragraph of the Assay, and substitute therefor the 
following: 
Transfer the ether extracts directly to a 100-ml. round-bottom boiling flask fitted 
with a standard ground-glass joint. Add 10 ml. of 0.5 N alcoholic potassium 
hydroxide, and connect the ground-glass joint of an air condenser to that of the 
flask. The air condenser is a 90-cm. length of glass tubing having a diameter of 
6 mm., and is connected at one end through an upright bulb trap to a standard 
ground-glass joint and at the other end to an adapter consisting of 12 cm. of 14-mm. 
glass tubing sealed to the condenser tube at right angles. 

Hydrocortisone, page 332—In the section, Melting range, change “be- 
tween 214° and 220°” to: between 212° and 218 


Insulin Injection, page 339 —In the final sentence of the section, Nitrogen 
content, change ‘0.65 mg.” to: 0.70 mg. 
In the final sentence of the section, Labeling, change “22 U.S.P. 
Insulin Units” to: 21 U.S.P. Insulin Units 


t 
ay 
VIII | 
A 
al 
as 


January 1956 Screntiric Eprrion IX 


Isoproterenol Hydrochloride Inhalation, page 370-——In the formula in 
the second sentence of the Assay, change “1000” to: 2000 


Levarterenol Bitartrate Injection, page 377 —In the formula in the second 
sentence of the Assay, change “1000” to: 2000 

Oxophenarsine Hydrochloride, page 486 Change the section, Dose 
Usual, to read: 


Dose —vsvuaL-—Intravenous, every 4 to 7 days: woman 40 mg.; 
man 60 mg.; child 0.5 mg. to 1.5 mg. per Kg. of body weight. 
Phenobarbital Elixir, page 531 —-Change the quantity of Orange Oil in 
the formula from ‘‘2.5 ml.”’ to: 0.75 ml. 


Procaine Hydrochloride and Epinephrine Injection, page 580) — Delete 
the second sentence of the section, Packaging and storage. 
Protein Hydrolysate Injection, page 591-—-Change the third sentence 
of the section, a- Amino nitrogen, to read: 


Add 10 mil. of formaldehyde T.S., previously adjusted to pH 9.0, potentiometric- 
ally, then while stirring the solution, preferably with a mechanical stirrer, and with 
a suitable glass electrode in the system, add 0.1 N sodium hydroxide, slowly toward 
the end, until pH 9.0 is reached. 


Riboflavin, page 611—In the section, Specific rotation, change ‘0.1 N 
aleoholie potassium hydroxide” to: an alcohol solution of sodium 
hydroxide (1 in 250). 

Medicinal Soft Soap, page 632——Change the section, Characteristics of the 
liberated fatty acids, to read: 


Characteristics of the liberated fatty acids Dissolve about 30 Gm. of Medicinal 
Soft Soap in 300 ml. of hot water in a beaker, add gradually 60 ml. of diluted sul- 
furic acid, and heat on a steam bath until the liberated acids form a transparent 
layer. Decant the fatty acids into a separator, and wash them with 50-ml. por- 
tions of hot water until the last washing, when cool, is neutral to methy! orange 
T.S. Transfer the fatty acids to a dry beaker, and allow them to stand in a warm 
oven until any water that may be present has separated. Then filter the acids 
through a dry filter in the warm oven. Test about 1 Gm., accurately weighed, of 
the fatty acids: the acid value (see page 894) is not more than 205. Test 150 to 
200 mg. of the fatty acids: the iodine value (see page 894) is not less than 85. 

Anticoagulant Acid Citrate Dextrose Solution, page 650-——In the formula 
for Solution A, and in the second paragraph of the directions for prep- 
aration, change the quantity of (anhydrous) Citric Acid from ‘7.4 
Gm.” to: 7.3 Gm. 

Sterility Tests, page 841--Change the quantity of Dextrose in the 
formula for Alternative Thioglycollate Medium, page 842, from ‘1.1 
Gm.” to: 5.5 Gm. 

Vitamin B,. Activity Assay, page 885—In line 10 of the second paragraph 
under Calculation, page 889, change the formula to read: antilog M = 
antilog (M’ + log R). 

Test Solutions, page 1089 —Under Jntestinal Fluid, Simulated, T.S., 
page 1095, change the first sentence to read: 


Dissolve 6.8 Gm. of monobasic potassium phosphate in 250 ml. of water, mix, and 
add 190 ml. of 0.2 N sodium hydroxide and 400 ml. of water. 
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~ 


JOURNAL OF 


NNR 


PRODUCTS RECENTLY EVALUATED 
BY THE A. M. A. COUNCIL ON 
PHARMACY AND CHEMISTRY 


SODIUM LEVOTHYROXINE. 
5H.O.—M.W. 
pentahydrate.—The structural formula of sodium 


levothyroxine may be represented as follows: 


I, 1 
Ho-(/ \)-o- am. 


NH2 


I 


Ictions and Use 
sodium salt of the 
thyroxine Levothyroxine exhibits approximately 
twice the activity of the racemic (pL-) form. So- 
dium levothyroxine, which is more soluble and re- 
portedly more active than the base, levothyroxine, 
also is more efficiently absorbed by the gastrointesti- 
nal tract and is effective in smaller oral doses than 
mixtures of p-thyroxine and L-thyroxine (thyroxin, 
U.S.P. XIII; thyroxin fraction, N.N.R. 1947) 
Approximately 50% of the oral dose of sodium levo- 
The mean half-time of levo- 
thyroxine turnover is reported to be 6.5 days as 
disappearance of radio-iodine (1'*') 
labeled levothyroxine from the serum in euthvroid 
subjects. Daily oral administration is cumulative 
ind is capable of producing typical manifestations of 
hyperthyroidism 

Sodium levothyroxine is useful in the replacement 
therapy thyroid function 
cretinism, myxedema, and milder forms of hypo- 
thyroidism ) res :Iting from primary atrophy, partial 
or complete absence of the gland (congenitally or 
surgically acquired), or from the effects of excessive 
radiation or antithyroid drugs. It sho:ld not be 
employed in hypometabolic states of nonthyroid 
origin or in conditions not definitely associated with 
thyroid deficiency Replacement therapy reverses 
the symptoms of athyreosis and hypothyroid states 
and must be maintained to control the disease 

As with other thyroid preparations, over dosage 
may produce hyperthyroidism, so that it is necessary 
to keep patients under close observation for the de- 
velopment of signs or symptoms of thyrotoxicosis. 
Although the chemical purity of sodium levothy- 


Sodium levothyroxine ts the 
levo isomer of thyroxine (pL- 


thyroxine is absorbed 


measured by 


of diminished or absent 


roxine permits more uniform standardization than 


with desiccated thyroid (thyroid, U.S.P.), clinical 
activity must be determined in each individual case 
For purposes of rough comparison, 0.1 mg. of sodium 
levothyroxine produces the equivalent clinical effect 
of 30 to 60 mg. of thyroid, U.S.P 
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Dosage.—Sodium levothyroxine is administered 
orally. The initial dosage for adults should range 
from 0.05 to 0.1 mg. daily. The response of the 
patient should serve as a basis for increments of 0.05 
to O.L mg. in the daily dosage, and these increases 
should be made every 1 to 3 weeks until proper 
metabolic balance is obtained. The daily dosage 
required to achieve this may vary from 0.02 to | 
mg., but in most patients a maintenance dosage of 
0.15 to 0.4 mg. daily is usually adequate. Adjust 
ments in dosage should be gradual to avoid rapid 
changes. For children the initial dosage should not 
exceed 0.05 mg. daily Increments in the dailv 
amovnt of 0.025 to 0.05 mg. may be made every 1 to 
3 weeks until the desired response is obtained 

The effects of overdosage may begin after 4 to 5 
days, but they may not become apparent for 1 to 3 
weeks. When signs of overdosage appear, medica- 
tion should be stopped for 2 to 6 days and then re- 
sumed at a lower level 


09.—5,7-dichloro-8-h ydrox yquinaldine 

Actions and Uses.—Chlorquinaldol, an oxyqine 
line derivative, exhibits the keratoplastic, antibac 
terial, and antifungal properties shared by other 
externally applied compounds of this type. Like 
similar derivatives, its mild antiseptic action may be 
useful in the topical treatment of minor cutaneous 
bacterial and infections. Chlorquinaldol 
may be more effective against bacterial infections 
than other isoquinolines, especially for resistant 
staphylococcic infections of the skin. It also ap 
pears to be at least as active against superficial fun 
gal infections as other isoquinolines. The pre 
dominating keratoplastic effect of this type of com 
pound may be more significant than its fungistatic 
action in the management of dermatomycoses 

Chlorquinaldol may produce skin sensitization 
that follows repeated topical use of other oxyqino- 
line derivatives. So far it appears to have a lower 
index of sensitization than other oxyquinoline 
derivatives such as iodochlorhydroxyquin. Chlor- 
quinaldol may be better suited for local treatment of 
minor skin infections than certain antibiotics, which 
are known to produce frequent sensitivity reactions 
that interfere their serious 
generalized infections. If skin sensitization appears 
after repeated application of chlorquinaldol, the 
agent should be discontinued until such reaction sub 
sides and then, if further treatment is indicated, re- 
placed by some other type of treatment. 

Dosage.—Chlorquinaldol is applied topically as a 3 
to 5% concentration in a suitable dermatological 
vehicle. After appropriate cleansing, a cream or 
ointment may be applied twice daily to affected 
arcas. 


M.W 


228.- 


mycotic 


with systemic use in 


SODIUM RADIO-IODIDE (I'*').--Sedium radio- 
iodide is a salt in which the iodine is present as the 
radioactive isotope, iodine-131. It is obtained from 
the products of uranium fission, is essentially ‘‘car- 
rier-free,”’ and contains only trace amounts of the 
naturally occurring isotope iodine-127 

The preparation of this compound that is listed 
in the U.S.P. is Sodium Radio-lodide (1'*') Solution 

Actions and Uses.—Sodium radio-iodide (1""') is 
freshly prepared from the radioactive isotope, I**". 
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It is useful for diagnostic studies in patients with 
suspected thyroid disease, for treatment of selected 
cases of thyrotoxicosis, and, in conjunction with 
other agents and methods, for the palliative treat- 
ment of carcinoma of the thyroid gland and meta- 
static lesions arising from it. It is also used to detect 
distant metastatic growths of thyroid carcinoma and 
to determine whether intact tissue or a tumor mass 
is of thyroid origin. It may be used to induce hypo- 
thyroidism in euthyroid patients with angina pec- 
toris to aid in the management of that condition. 
The accumulation of radio-iodine in the thyroid 
gland probably reflects, to a large extent, the forma- 
tion of diiodotyrosine and thyroxine and the storage 
of these compounds in the thyroid follicle. At first, 
iodine may be present in the inorganic form (Nal ), 
but in a short time it becomes protein-bound, ap- 
parently linked with the tyrosine radical, in the 
gland. Patients who have little or no functioning 
thyroid tissue, particularly with the clinical syn- 
drome of myxedema, usually excrete considerably 
more of the diagnostic dose in the urine during the 
first 24 to 72 hours than do normal subjects. The 
uptake of radio-iodine may be depressed by prior 
intake of stable iodine in any form or by the use of 
thyroid substance or of antithyroid drugs Among 
the many iodine-containing preparations and com 
pounds that may contain dissociable iodine are: 


1. External iodine preparations: (a) Ointments 
and solutions of iodine or iodides, (b) tinctures of 
iodine or iodides, (c) iodoform gauze 

2. Internal iodine preparations: (a) Strong 
iodine solution (compound iodine solution, Lugol's 
solution), (b) potassium iodide and potassium iodide 
solution 

3. Asthma, cough, and vitamin preparations 
containing iodine compounds 

4. X-ray contrast mediums: (a) Gall bladder 
mediums, such as tetraiodophenolphthalein, iodo 
alphionic acid, iodopanoic acid, and iophenoxic acid, 
(4) urographic and vasographic mediums, such as 
sodium iodide, iodopyracet, sodium acetrizoate, and 
sodium iodomethamate, (c) mvek graphic mediums, 
of both the oily and the aqueous type, containing 
iodine, (d) cavity and sinus visualization medi ims, 
such as sodium iodide and chloriodized and iodized 
oils 

5. Antiparasitic drugs: 
quin, (+) diiodohydroxyquin 

6. Thyroid extract, thyroxine 

7. Todinated antithyroid drugs, such as iothio 
uracil sodium 


(a) lodochlorhydroxy 


Other antithyroid drugs, particularly those of the 
thiourea series and methimazole, also influence the 
uptake of radio-iodine by thyroid tissve. The 
quantitative uptake of radio-iodine by malignant 
tumors of the thyroid varies in accordance with 
many factors, including their histological differenti 
ation 

Side-effects depend upon radiation dosage range. 
None are to be expected with the doses used for 
diagnostic tests (1 to 100 we [microcuries]). With 
the therapeutic dose used in treatment of hyper- 
thyroidism (5 to 20 mc. [millicuries]), there mav be 
a mild febrile reaction, with a slight decrease in blood 
leukocytes that returns rapidly to normal and a slight 
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increase in sedimentation of erythrocytes, Local 
radiation effects (swelling and soreness) may be ob- 
served in the neck, and thyroid storm or crisis may 
be induced in very toxic cases. With doses adminis- 
tered in thyroid cancer (30 to 100 mc.), systemic 
radiation effects may be encountered, such as depres- 
sion of hematopoiesis, as well as local radiation 
effects upon sites near functioning thyroid tissue 
As with other agents that influence the thy roid, some 
direct influence on exophthalmus may be observed 
Hypothyroidism is also a possible side-effect, So- 
dium radio-iodide is generally contraindicated in the 
presence of pregnancy. 

Dosage.—Sodium radio-iodide is administered 
orally or intravenously in aqueous solutions of 
appropriate concentration. It is administered orally 
also in the form of capsules, to the inner surface of 
which an exact amount of the radioisotope is fixed. 
It should be emphasized that there is always a dif- 
ference between the dosage administered and the 
amount taken up by the gland and that dosage is 
subject to variation in accordance with the age and 
condition of the patient. As a diagnostic agent for 
tracer and uptake studes, the dosage ranges from 1 to 
50 we. For diagnostic studies of aberrant thyroid 
tissue, outline scanning of the thyroid, and localiza- 
tion of metastases, the tracer dose may be as much 
as 100 we or more. 

The therapeutic dose is usually calculated after a 
diagnostic test th determine the percentage ab- 
sorbed by the gland in a specified time, such as 24 
hours. For the treatment of thyrotoxicosis, a single 
or fractional dose procedure may be used. With an 
estimated uptake of about 70%, a single dose ad- 
ministered is usually 105 to 180 we per estimated 
gram of thyroid tissue, so as to provide a retained 
dose of about 75 to 125 we. Accurate estimate of 
the amount of thyroid tissue may be diffleult and 
should be considered carefully to avoid error in the 
calculation of dosage. In the majority of patients, 
the total therapertic single dose should not exceed 
8 me. Any further dosage usally is not considered 
before 6 months has elapsed. If the fractional 
method of dosage is used, the initial dose is consider- 
ably less and the us.al interval between doses is 
about 6 weeks to 2 months 

To induce hypothyroidism in the management of 
euthyroid angina pectoris, the isotope is adminis- 
tered orally either as a single dose of about 20 me. or 
weekly in doses of about 6 me. each for 5 weeks 
After either method, further treatment may be given 
after an interval of not less than 60 days when addi 
tional antithyroid therapy is required, 

Since the treatment of thyroid carcinoma and 
metastases is unique for each case, no information 
on the dosage for these conditions is included. 

The decay in radioactivity of solutions, based on 
the half-life of the radioisotope, makes it necessary 
to correct the labeled potency immediately prior to 
use, in accordance with the time that has elapsed 
after the specified assay. A table of correction fac- 
tors and a graphic chart are available to permit 
reasonably accurate recalculation of potency in 
terms of the dosage volume of solutions of various 
concentrations. Oral capsules are provided in dos- 
age units that take into account the radioactive decay 
of the isotope. 
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> In its customary position on the inside 
front cover, Abbott Laboratories avails it- 
self of the JourNAL’s impact to tell the story 
of “Iron-Plus” Iberol, and in a colorful pre- 
sentation inside, delineates the usefulness of 
its antibiotic, Erythrocin. 
> Marketed by the Ames Company is 
Decholin “for the constantly growing num- 
ber of elderly patients,” i.e., for complaints 
related to hepatobiliary and gastro-intesti- 
nal functions. 
> Available through wholesalers or the Col- 
gate-Palmolive Co. is a new one inch size 
Vaseline gauze strip manufactured by the 
Professional Products Division of the Chese- 
brough Mfg. Co. 
> Dominating the Hoffmann-LaRoche pre- 
sentation is an umbrella connoting the sea- 
sonal protection afforded by new Romilar 
Expectorant, non-narcotic cough specific. 
> The confirmed efficacy of Thantis Loz- 
enges, “first aid for throat irritations,” is 
re-emphasized by Hynson, Westcott and 
Dunning. 
> Marketed by Lederle Laboratories are 
Incremin Drops, described as a palatable 
liquid for stimulating infants’ appetites and 
growth. 
>In publicizing Multicebrin Pan-Vita- 
mins, Lilly), the advertiser makes a point 
important to all pharmacists: “Remember 
Lilly vitamins are sold only through 
retail drugstores.” 
> The J. B. Lippincott Co. utilizes two pre- 
sentations to announce the availability of 
the new U.S.D. “25,” the new, complete 
American Drug Index, and William H. 
Hull's “Public Relations for the Pharmacist.” 
> The S. E. Massengill Company message 
reflects that for the first time, full advan- 
tages of the water-soluble, liquid forms of 
multivitamin drops can be obtained in 


In the January 1956 issue of the 
Practical Pharmacy Edition 


(All references to actions and uses are taken from the statements 
of the producers of the products mentioned.) 


tablet form. The product is Homagenets, 
available in three formulae—prenatal, pedi- 
atric and therapeutic. 

> Enumerated by Parke, Davis in its Com- 
bex line are: Combex Kapseals, Combex 
with Vitamin C Kapseals, Thera-Combex 
Kapseals, Combex Parenteral, Taka-Combex 
Kapseals and Taka-Combex Elixir. 

> Pfizer's brand of tetracycline, Tetrabon, 
and Tetrabon SF (tetracycline hydrochlo- 
ride with vitamins )—both homogenized— 
constitute flavorable mixtures of this emi- 
nent broad-spectrum antibiotic. 

> With customary perspicuity, the message 
of the Philadelphia College of Pharmacy 
and Science points up the sound future for 
which its schooling lays the foundation. 

> A vital link in the chain of distribution, 
the detail man, he who initiates sales activ- 
ity, is given his due in the A. H. Robins 
Company announcement. 

> “Thoroughgoing relief for the patient with 
nonspecific rheumatism,” is the description 
Schering tags on new Sigmagen Tablets. 

> The current Smith, Kline and French of- 
fering cites further evidence of the sales- 
effectiveness of its Benzedrex Inhaler dis- 
play carton. 

> Available as vaginal tablets, ointment and 
oral tablets is Mycostatin ( Squibb Nystatin) 
described as “the first safe antifungal anti- 
biotic.” 

> Offered by Warner-Chilcott in a new dos- 
age form is Peritrate with Aminophylline 
the efficacy of which is felt “especially in the 
presence of cardiac and circulatory inade- 
quacy.” 

> Lotusate Caplets, new hypnotic and seda- 
tive from Winthrop Laboratories, are 
recommended for their usefulness in induc- 
ing refreshing night sleep and assuring de- 
pendable daytime sedative. 


[}) Look for details in the Practical Pharmacy Edition of Tris JourNat—Out January 20 
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The Evaluation of Arsenic as an Antiasthmatic I.* 


Effect on Experimental Asthma of Guinea Pigs 


By DUANE G. WENZEL and PHILIP ROSENBERG? 


Arsenic, administered as a single dose of potassium arsenite or oxophenarsine, was 
found to prolong significantly the response time of guinea pigs to aerosolized his- 


tamine. 


The daily chronic administration of subeffective doses of potassium arsenite 
did not modify the histamine reaction time. 


There was no protection exerted against 


anaphylactic shock, aerosolized acetylcholine, or injected physostigmine. 


REPORTS have appeared in 


F" QUENT the 

literature concerning the empirical use of 
arsenic for the treatment of asthma (1-4). In 
recent vears there has been a resurgence of its 
popularity possibly because of the widespread 
publicity accorded the so-called ““Gay Treatment 
for Asthma” This 
treatment includes the use of potassium arsenite 


as used in a southern clinic. 


The agent has also been used to treat heaves in 
horses, a condition characterized by wheezing 
and resembling asthma (7). An organic arsenical, 


Phenarsenide®, has been clinically tested and 
was said to produce relief in 73 per cent of the 
cases of chronic asthma for which it was used (6). 

Since no pharmacological evaluation of arsenic 
the 
An 
objection to any such evaluation of drugs in 


experimental asthma is the fact that the funda 


as an antiasthmatic could be found in 


literature, the present study was carried out. 
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mental causes of human asthma are still poorly 
understood. One hypothesis states that bronchial 
asthma represents an imbalance in the autonomic 
nervous system such as an increase of acetyl 
choline or a decrease of cholinesterase at the end 
organ (8). Scudamore found the serum acetyl 
choline levels in a group of asthmatics to be above 
normal in half the group and in the high normal 
range for the remainder (9). The blood cholin- 
esterase levels of asthmatics have been found to 
(10). Oné of the reasons for the 
reluctance to accept the acetylcholine theory as 
the casuse of asthma, is the relative failure of 


be normal 


atropine as an antiasthmatic when compared to 
epinephrine (11). 

Just as an acetylcholine excess may be a cause 
of asthma, there is the possibility that an inter- 
with epinephrine production or an 
increase in its breakdown may be implicated. 


ference 


Although the protective action of epinephrine in 
asthma is thought to be the result of a direct effect 
upon the cells of the end organs (12), the observa 


tion by Werle (13) that epinephrine inhibits hist- 
idine decarboxylase makes the blocking of hist- 
aminogenesis a possible accessory mechanism. 
Histamine is usually considered to be the 
invidious asthmatic agent and appears to be the 
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bronchioconstrictor of choice in experimental 


asthma. Blood histamine levels have been found 


to be higher than normal in asthmatics (12, 13) 
and lung tissue or bronchi from asthmatics re- 
leases histamine when brought in contact with 
specific allergens (14). The latter phenomenon 
does not occur with tissues from norma lindivid- 
uals. While it is usually agreed that histamine 
metabolism is disturbed in allergic asthma, it 
is also felt that the symptoms of asthma are not 
entirely dependent upon histamine release (15) 

With the obvious difficulty of reproducing 
clinical asthma in mind, the following experiments 
were designed to evaluate the effect of arsenic 
upon experimental asthma induced by several 
methods. 


EXPERIMENTAL AND RESULTS 


Summary of Methods.—-Guinea pigs of cither sex 
weighing from 250 to 500 Gm. were used for all 
tests 

Bronchiospasm produced by exogenous histamine 
was accomplished by placing the animals in an aero- 
solizing chamber (16) and exposing them to aero- 
solized 0.2% histamine phosphate in normal saline 
at a pressure of 110mm. of mercury. The end point 
used was severe dyspnea characterized by a pulling 
up of the abdominal muscles and an up and down 
motion of the head. Animals whose control reac- 
tion time was greater than four hundred seconds 
were discarded as nonreactors. As some animals 
were apparently indefinitely protected, a reaction 
time greater than four hundred seconds during the 
testing was recorded as four hundred seconds 

Constriction of the bronchi by anaphylactic 
shock (endogenous histamine) was produced by the 
general method of Herxheimer (17). Sensitization 
was produced by the i. p. injection of 0.7 cc. of a 5% 
solution of crystalline egg albumin (18). Twenty- 
one days later the animals received the shocking 
dose of a 5% solution of the albumin aerosolized at 
a pressure of 110 mm. of mercury. 


Taste I HISTAMINE 
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Physostigmine injected i. p. at a dose of 1 mg 
Kg. was used to produce the effects of endogenous 
acetylcholine. Because of the severity of the reac- 
tion at the point of respiratory distress the criterion 
of protection was abolition of tremors and the 

staggering walk. 

Histamine Aerosol Tests.— Single Dose Effect of 
Potassium Arsenite—As an initial experiment three 
groups of guinea pigs were tested using their own 
control values for comparison. Potassium arsenite 
was administered subcutaneously in doses of 0.25, 
0.75, and 1.50 mg./Kg. of arsenic as potassium ar- 
Reaction times to the histamine 
were obtained two hours prior to the injection of the 
arsenical, and at fifteen minutes, two, four, eight, 
sixteen and twenty-four hours following the adminis 


senite aerosol 


N SECONDS FROM CON 


CHANGE 
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Fig. 1.—Change in histamine aerosol reaction 
time produced by potassium arsenite (animals 
serving as their own controls). Dose of arsenic in 
mg./Kg., @, 0.25; @, 0.75; A, 1.50 


(ANIMALS SERVING AS OWN 


CONTROLS) 


Number 
of 


Arsenic Animals Control 


0.25 Ww 
0.7 17 


10 


Acetylcholine was similarly aerosolized as a 0.4% 
solution. Because the reaction produced was less 
severe than that of the histamine, it was necessary 
to select the first symptom of respiratory distress as 
the end point. This usually was a cough or labored 
breathing and was not as definite as that observed 
with histamine 


Average Reaction Time in Seconds 


hr 4 her 8 hr 


135 + 148 + 
p 10.9 

200° + 

19.8 

252* + 

28.0 


+ Significant at less than | level 


¢ Significant at | to 5°), level 
level 


4 Significant at 5 to 10°% 


tration. From Table I and Fig. | it can be seen 
that both the 0.75 and 1.50 mg./Kg. arsenic groups 
have increased reaction times to histamine. The 
statistical analysis of the data was by the method 
of paired comparisons (19). The significance of 
the 0.75 mg./Kg. values is greater because of the 
larger number of animals in this group 
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Fig. 2.—-Change in histamine aerosol reaction 
time produced by potassium arsenite (separate 
control group). Dose of arsenic in mg./Kg., ©, 
0.75; A, 1.50; @, 3.00 


Following the previous test in which the animals 
served as their own controls, it was considered that 
the guinea pigs subjected to the frequent adminis- 
trations of histamine might become either sensitized 
or resistant to its use. To test this possibility a 
group of six animals was subjected to the aerosol 
six times in a period of twelve hours. Although the 
results indicated no significant variation, it was still 
felt desirable to increase the significance of the re- 
sults by use of a separate control group. On this 
basis four groups of animals were tested, a control, 
0.75, 1.50, and 3.00 mg./Kg. of arsenic as potassium 
arsenite administered subcutaneously. Tests were 
conducted for the first day at the same time inter- 
vals as in the first arsenic test and daily thereafter 
for eight more days. The results are summarized 
in Table II and Fig. 2. The points plotted in Fig. 2 
are based upon the differences in seconds between the 
changes from the control values for the control 
group and the changes from the control values for 
the arsenic groups. The analysis of the results was 
obtained by a special method (20) because both a 
control group and control values for the experi- 
mental group were used. Arsenic produced a 


Taste II 
K AsO» as 
mg. /Kg Number 
Control 15 min 
Control 1 153 + 127 + 
8.0 15.3 
0.75 13 122 + 130 + 
11.6 23.8 
1.50 11 113 + 134" + 
12.9 19.5 
3.00 Ss 112 + 10S + 
19.7 17.6 
2nd 3rd 4th 
Control 103 + 126 + 138 + 
7.9 11.0 14.7 
0.75 1044 + 115 + 1404 + 
13.7 14.5 15.7 
150 + 133° + 149% + 
20.9 21.0 27.1 
113* + + 104 + 
21.2 14.2 14.0 


b © See footnotes Table I. 
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significant increase in the response time after his- 
tamine. In some cases this increase was observed 
for as long as five days following its administration. 
To increase the reliability of the results the re- 
mainder of the testing was done with the use of 
separate controls. 

In order to determine the uniformity of the effects 
of arsenic upon an individual animal, those which had 
in previous tests demonstrated the greatest increase 
in reaction time to histamine were separated into 
one group. The guinea pigs which had shown 
little or no increase formed a second group, while a 
third group used as a control with no arsenic was 
randomly selected. All groups consisted of seven 
animals each. The previously sensitive and re- 
sistant groups were subcutaneously administered 
1.50 mg./Kg. of arsenic as potassium arsenite. 
Tests were conducted at the usual time sequence for 
one day. Both arsenic-treated groups showed an 
increased reaction time to histamine, but there was 
no significant (20) difference between the arsenic- 
treated groups 

To ascertain the effect of the route of administra- 
tion on the action of potassium arsenite, the drug 
was compared by subcutaneous and intraperitoneal 
injections of 1.50 mg./Kg. of arsenic as potassium 
arsenite. Three groups, including the control, of 
seven animals each were used. The results indi- 
cated no significant (20) difference due to the route 
of administration. 

Multiple Dose Effect of Potassium Arsenite.— 
Because the clinical use of arsenic as an antiasthmat- 
ic involves prolonged use (1-6), it was decided to 
determine the effect of administering arsenic in 
multiple subeffective doses over an extended period. 
The guinea pigs in the test group were administered 
0.25 mg./Kg. of arsenic as potassium arsenite daily 
for twenty-seven days. Control and test groups of 
10 animals each were exposed to the histamine aero- 
sol every other day just prior to the injection of the 
arsenic in the test group. The differences in reac- 
tion times between the two groups were not statis- 
tically significant (20). 


HIsTAMINE AEROSOL REACTION Time witH PorasstuM ARSENITE (SEPARATE CONTROL GRouUP) 


Average Reaction Time in Seconds + S. 


2 hr 4 hr. 8 hr 16 hr 24 hr 
+ 116 + + 102 + 88 + 
8.9 10.3 9.3 9.2 5.0 
135° + 146° + + + 95° + 
20.3 25.0 23.0 12.9 11.6 
155° + 151° + 15” + 134° + 121° + 
24.1 2.7 22.8 25.9 22.3 
116 + 131 + 146° + 114° + 121* + 
29.5 36.3 29.9 18.5 28.0 
Days 
Sth 6th 7th Sth 9th 
150 + 150 + 165 + i777 + 196 + 
12.4 13.7 19.2 19.5 24.1 
143 + 144 + 142 + 151 + 158 + 
15.4 17.6 19.5 29.9 20.5 
174° + 129 + 144 + 137 + 157 + 
25.7 14.5 17.9 13.6 18.5 
142° + 134 + 152 + 153 + 166 + 
22.1 15.1 18.5 24.9 26.1 
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Single Dose Effect of Oxophenarsine.—-Three 
groups were tested rhe control was given 13.33 
mg. /Kg. of ascorbic acid and the test groups were 
administered oxophenarsine in doses to correspond 
to 1.50 and 3.00 mg./Kg. of arsenic. All injections 
were made intraperitoneally rhe control group 
was administered ascorbic acid since the oxophen- 
arsine (Mapharsen“) contained ascorbic acid and 
this substance is known to potentiate epinephrine 
(21 This test and evaluated in 
the same manner as those preceding. From the 
results in Table III and Fig. 3, it may be seen that 
oxophenarsine significantly increases the histamine 
reaction time although apparently somewhat less 


was conducted 
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tamine aerosol tests with potassium arsenite. A 
control and two test groups of eight animals each 
were used. Doses of arsenic as potassium arsenite 
were 0.75 and 3.00 mg./Kg. The results indicated 
only a small and statistically insignificant (20) dif 
ference between the control and the arsenic test 
groups 

Acetylcholine Aerosol Test with Potassium Ar- 
senite.—In preliminary testing it was found that a 
marked resistance was built up to the effects of 
aerosolized acetylcholine. For this reason the tests 
were conducted at widely spaced intervals 
than was done with the histamine The 
periods used were: four, eight, sixteen, and twenty 


more 
aerosol 


four hours and daily for six days thereafter. Five 
experimental groups of eight guinea pigs per group 


and for a shorter duration than produced by potas- 
sium arsenite 


Tasce ABROSOL REACTION TIME WITH OXOPHENARSINE 


2 Oxophenarsine 


as 
mg. Ke Number 
oO of Average Reaction Time in Seconds + SE ® 
Arsenic Animals Control 15 min 2 he i hr S hr It he 24 hr 
~ Control 9 89 + i 82 + 79 + 74 + 72 + 365 + 
6.8 7.6 5.1 6.3 6.3 9.7 
y 1.50 10 91 + 114* = 12 + 152” + 11% + S83 + 64 + 
10.0 17.2 21.7 19 18 9 1 
3.00 10 85 + 114 + + + 69 + 63 + 
10.3 13.8 14.0 10.8 15.3 12.4 11.9 
©, See footnotes Table I 


IN SECONDS 


FROM CONTROL VALUE 


AVERAGE CHANGE 


TIME 


Change in histamine aerosol reaction time 
Dose of arsenic in 


Fig. 3 
produced by oxoplLenarsine 
mg./Kg., @, 1.50; @, 3.00 


Anaphylactic Shock Test with Potassium Arsenite. 
Animals were shocked by the aerosolized albumin 
four hours after the administration of the arsenic 
This time interval was selected because peak pro- 
tection was observed at about this time in the his- 


were used, one serving as the control, the others re 
ceiving 0.25, 0.75, 1.50, and 3.00 mg./Kg. of arsenic 
as potassium arsenite. Administration was intra 
peritoneal. Statistically (20), the results 
no antagonism of arsenic to aerosolized acetylcho 
line 

Physostigmine Test with Potassium Arsenite. 
In order to determine whether arsenic produced its 
effects by interfering with the production of acetyl 
choline, physostigmine, a cholinesterase inhibitor 
was tested. Three experimental groups of 10 ani 
mals each were used. Arsenic administered 
to two of the groups in doses of 0.75 and 3.00 mg 
Kg. as potassium arsenite. Four hours later all 
groups were administered the shocking dose of 
physostigmine. Eighty per cent of the controls 
and 90 and 70%, respectively, of the 0.75 and 3.00 
mg./Kg. groups were unprotected. At 
cording to the conditions of the test, arsenic did not 
modify the response to physostigmine 


showed 


was 


least ac 


DISCUSSION 


The experimental results indicate that arsenic 
protects against the bronchioconstrictor effect of 
aerosolized histamine. Although the effective dose 
range was not explored in detail, 0.25 mg./Kg. of 
arsenic as potassium arsenite was below the effective 
single-dose level, while 0.75, 1.50, and 3.00 mg./Kg 
were all effective and produced approxi 
mately equal results. There was some evidence to 
indicate that above the 3.00 mg./Kg. dose, and at 
this point for oxophenarsine, protection was some 
what less than at the intermediate This 


doses 


doses 
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may be accounted for by the fact that the symptoms 
of arsenic poisoning actually resemble certain aspects 
of the action of histamine (22) 

The lack of effect of the chronic daily administra- 
tion of subeffective doses of arsenic is difficult to 
reconcile with the prolonged action of single ef- 
fective doses and the known retention of arsenic in 
the body (23). Peak activity of the single effective 
doses appeared at from four to eight hours and the 
effects gradually diminished over a period of about 
five days. While the excretion of arsenic begins in 
two to eight hours after its administration and lasts 
for three to ten days following a single dose (24), 
it is possible that the systemic distribution is such 
that cumulation does not occur to any appreciable 
extent in the bronchi. This explanation would ac 
count for the lack of activity of repeated subeffec 
tive doses, but requires further experimentation to 
be proved 

The experimental failure of arsenic to modify 
anaphylactic shock may be due to the difficulty 
of measuring the response. It is obviously neces- 
sary either to reduce distinctly or completely an- 
tagonize the anaphylactic reaction in order to ob- 
serve any protection 

Inasmuch as the pharmacological actions of 
arsenic appear to center about the blocking of sulf 
hydryl groups (25), this would appear to be its 
likely mechanism in asthma. While the experi- 
ments did not demonstrate any effect of arsenic on 
bronchioconstriction other than that induced by 
exogenous histamine, there are various interrela- 
tionships between histamine, acetylcholine, and 
epinephrine metabolism that could indirectly ac- 
count for the activity (26-28). This possibility is 
strengthened by the fact that neither histidine de- 
carboxylase nor diamine oxidase, the two enzymes 
known to be involved in histamine metabolism, are 
sulfhydryl-containing enzymes (26, 29). 

Because no evidence was obtained to indicate that 
arsenic acts indirectly upon histamine, further 
studies were conducted to determine the mode of 
action 


SUMMARY 


l. Single doses of potassium arsenite or 


oxophenarsine containing the equivalent of from 
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0.75 to 3.00 mg./Kg. of arsenic were found to 
prolong significantly the reaction time of guinea 
pigs to aerosolized histamine. 

2. Protection reached a peak at from four to 
eight hours and lasted for as long as five days. 

3. No demonstrable increase in the reaction 
time was produced by the daily administration 
of single dose subeffective levels of potassium 
arsenite for twenty-seven days. 

4. Potassium arsenite did not modify the 
response to anaphylactic shock, acetylcholine 
aerosol or the injection of physostigmine. 
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pig colon. 
lated guinea pig ileum. 


A PREVIOUS INVESTIGATION demonstrated the 

effect of arsenic in prolonging the reaction 
time of guinea pigs to a histamine aerosol (1). 
Compounds which interfere with the functioning 
of biological sulfhydryl] activity have been termed 
thiolprives (2). In addition to the heavy metals 
other substances having this activity are various 
oxidizing agents (3, 4), alkylating agents such as 
iodoacetate (5), and a.8-unsaturated ketones (6 
8). This study was intended to determine if the 
antiasthmatic action of arsenic was on the metab 
olism of histamine per se, acetylcholine, or epine- 
phrine and if this activity was the result of arsen- 
ic’s function as a thiolprive. In order to estab- 
lish the latter goal, a number of organic com- 
pounds that theoretically act as thiolprives were 
also tested. 
rated 
which block the thiolprives (4) were included 


These were principally a,3-unsatu- 


ketones. Cysteine and thiomalic acid 


in this investigation. 


EXPERIMENTAL 
Materials.—Most of the compounds tested were 
obtained from various commercial and private 
sources. ' 


Pomiferin was prepared according to Wolfram 
(9) from the osageorange 

Methods.—J/solated Guinea Pig Ileum.—-Guinea 
pigs were fasted for fifteen to twenty hours and fed 
two hours prior to killing. Those animals used to 
evaluate the response to anaphylaxis had been pre 
viously sensitized to egg white (10). Sections of the 
ileum approximately one inch long were promptly 
removed and suspended in a 100-ml. bath of Locke 
Ringer’s solution (11). 
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The Evaluation of Arsenic as an Antiasthmatic II.* 
A Study of Possible Mechanisms 


By DUANE G. WENZEL and PHILIP ROSENBERGt{ 


Seventeen compounds that theoretically affect the functioning of sulfhydryl-contain- 
taining enzymes were tested for their action upon induced spasms of the isolated 
guinea pig ileum and for the potentiation of epinephrine upon the isolated guinea 
i Khellin, piperitone, and potassium arsenite reduced spasms of the iso- 
Oxophenarsine, hematein, propylthiouracil, rutin, cys- 
teine, and thiomalic acid prolonged the response to epinephrine. 


Those sections not immediately used were placed 
in chilled bath medium. The temperature of 37.5° 
was maintained with a glass heating tape and a 
variable rheostat. The bath was aerated with a 
mixture of 95% oxygen and 5% carbon dioxide 
Results were recorded kymographically After 
equilibration of the muscle the spasmogen (acetyl 
choline chloride, 0.0024).02 yg./ml., histamine 
phosphate, 0.004-0.02 yg./ml., or egg white, 4000 
ug./ml. of bath fluid) was added and the response 
recorded. At the height of the contraction the 
chamber was emptied and fresh bath fluid added 
This resulted in the immediate relaxation of the 
ileum. The muscle allowed to rest for five 
minutes and the spasmogen again added. This 
procedure was repeated until the contraction height 
was uniform within 10%. The test drug was then 
added to the bath containing the relaxed ileum and 
followed in two minutes by the spasmogen. The 
criteria of an effective response were a 75% reduc- 
tion of the spasm in three out of four segments 
(12). The highest concentration of drug tested 
was 1:10,000 although of the 
could not be used at this concentration because of a 
direct action on the muscle 

Isolated Guinea Pig Colon—-The apparatus and 
procedure were similar to that used for the ileum 
with certain exceptions. Tyrode's nutrient solu- 
tion (13) was used as the bath medium in place of 
Locke-Ringer’s solution. For at least a week before 
use the guinea pigs were maintained on a diet of 
Purina Laboratory Chow" and injections of ascorbic 
acid instead of Purina Rabbit Checkers" 
bage 
tonus could not readily be restored to the isolated 
colon after the addition of epinephrine. Small doses 
of epinephrine produced a relaxation from which 
there was extremely slow or no recovery It 
believed that this effect was caused by the flavones 
in the normal diet since these compounds have been 
found to potentiate the action of epinephrine (14) 
Following the change in diet this difficulty was no 
longer encountered. One inch of the terminal por- 
tion of the colon was used. The muscle frequently 
remained relaxed for as long as an hour before uni- 
form produced. Epinephrine 
was added to produce a bath concentration of 0.01 
wg./ml. The colon relaxed immediately but re- 
covered to its normal state within a few minutes 
The compound under investigation was then added 
and followed in four minutes by epinephrine. The 


was 


some substances 


and cab 


This regimen was found necessary because 


was 


contractions were 


criteria of epinephrine potentiation were a 75% 
increase in the duration of relaxation in three out 
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of four segments. All compounds were tested at 
concentrations which induced no direct effect upon 
the muscle and at a maximum 
1: 10,000 


concentration of 
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Taste | 


Reduction of Spasms 


Ana 
phylac 
Epinephrine Hist- tic Acetyl- 
Compound Potentiation amine Shock choline 
Potassium arsenite +" a 
Oxophenarsine 
Khellin (R) + + + 
Piperitone (R) + 
5-Dimethyla 
mine-1-phenyl 
l-pentene-3 
one R) 
Nitrofurazone 
Hematein to 
Piperine 
Parasorbic acid 
Propylthiouraci! + + 
Rutin t+ +4 
Pomiferin 
Glyevrrhetini« 
acid 
o lonone 
8-Tonone 
Cysteine 
Phiomalic acid 
a+ effective at a concentration of 1: 10,000 to 50,000 
++, 1-50,000 to 100,000. +++, 1:100,000 to 200,000. 
+ + +, 1: 200,000 to 300,000, + + + + +, over 1:300,000 
Leaders indicates no activity S) spasmogenic, (R) relaxant 


and could not be tested at all concentrations 


Less than 75% of the records met the criteria of a positive 


effect 


RESULTS AND DISCUSSION 


The results of the tests are summarized in Table 
I. Both khellin and piperitone are direct muscular 
relaxants and although they were tested in sub 
relaxant doses a specific antagonism for the spas- 
mogen must be considered as doubtful 

Potassium arsenite did not meet the criteria of the 
test but did produce definite inhibition of acetyl- 
choline and histamine spasms in some of the 
trials. If this inhibition is accepted, it is difficult 
to rationalize as cholinesterase is susceptible to 
thiolprives (15) and, as previously pointed out (1), 
the enzymes known to be concerned with histamine 
metabolism are not sulfhydryl-containing. Further- 
more, the lack of activity by potassium arsenite in 
the epinephrine-potentiating test would appear to 
eliminate this mechanism of action. 

Glycyrrhetinic acid has been reported to antag- 
onize the action of acetylcholine and to potentiate 
epinephrine on the toad heart (16). There was no 
indication of any such action on the isolated guinea 
pig ileum or colon. 

It has already been reported that hematein (17) 
and rutin (14, 18) prolong the epinephrine response. 
While the flavone rutin was found to be very active, 
pomiferin, an isoflavone, showed no activity. 

Propylthiouracil has been shown by others to in- 
crease the in vivo histamine tolerance, although pre- 
sumably by an antithyroid action (19). The tests 
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upon the ileum did not give any indication of direct 
activity but the epinephrine potentiation on the 
colon may account for this reported action. It is 
interesting that the propylthiouracil molecule con- 
tains both the sulfhydryl and a@,8-unsaturated ke- 
tone moieties. 

Obviously the presence of an a,8-unsaturated 
carbonyl group in a structure does not necessarily 
confer spasmogen-blocking or epinephrine-poten- 
tiating activity. Even if one assumes that all such 
structures are thiolprives, it must be considered 
that the enzyme sulfhydryl moieties differ markedly 
in the accessibility of their positions and that the 
most reactive groups are nonfunctional (20). 

Despite the fact that potassium arsenite was inef- 
fective in the epinephrine-potentiation test, the 
evidence as shown by Fig. 1 makes it clear that oxo- 
phenarsine is very active in this regard. As the 


\ 


Fig. 1.—Potentiation of epinephrine relaxation 
of guinea pig colon by oxophenarsine. Epinephrine, 
1: 100,000,000 at first point; oxophenarsine, 1:- 
300,000 at second point; epinephrine, 1: 100,000,000 
at third point. Timed at minute intervals. 


sulfhydryl compounds are diametrically opposed to 
arsenic in their theoretical action, it may seem 
strange that both should induce similar effects. 
The answer evidently lies in the enzymes responsible 
for the breakdown of epinephrine. Like many other- 
hydroquinones, epinephrine is oxidized by both the 
cytochrome oxidase system and by polyphenol oxi- 
dase (21, 22). The end product of this oxidation is 
the pigment adrenochrome. Epinephrine also 
undergoes oxidative deamination through the action 
of monoamine oxidase (23). This enzyme is not 


only inhibited by arsenic (24) but by an intermedi- 
ate product in the breakdown of epinephrine to 


Ss JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


adrenochrome (25). The importance of monoamine 
oxidase in epinephrine oxidation has been questioned 
(26). Arsenic apparently does not inhibit poly- 
phenol oxidase (27), but actually may potentiate its 
effect by reacting with sulfhydryl compounds that do 
inhibit the enzyme (28). It is probable that in- 
hibition of polyphenol oxidase is responsible for 
epinephrine potentiation by the sulfhydryl com- 
pounds, cysteine and thiomalic acid 

Cytochrome oxidase, while not a sulfhydryl en- 
zyme (27), is inhibited by heavy metals (29) and is 
an obvious possibility for the enzymatic inhibition 
by oxophenarsine in its role of an epinephrine- 
potentiator. 

Esterification of epinephrine by sulfoesterase has 
been described as a major pathway for its breakdown 
in the body (30 The susceptibility of sulfoester- 
ase to thiolprives is not known 

The possible mechanisms by which arsenic may 
affect epinephrine metabolism are diagrammatically 
summarized in Fig. 2. 


SULFOESTERASE 
AMINE 
OXIDASE 
| ARSENIC EPINEPHRINE ARSENIC 
POLYPHENOL 
OXIDASE 
CYTOCHROME 
OXIDASE 
FHYOR 
SULFHYORYL 
COMPOUNDS 
aonewocnnome PRECURSOR | 
Fig. 2.—Mechanisms by which arsenic and 
sulfhydryl compounds may affect epinephrine 
metabolism 


The differences in the in vitro effects of potassium 
arsenite and oxophenarsine do no more than reiter- 
ate the fact that in vive and in vitro actions of drugs 
frequently differ. As the tissues affected by the 
histamine aerosolization (1) are different than those 
used in the present study, it is obvious that different 
enzyme systems may have been involved. 


SUMMARY 


1. Seventeen compounds, including arseni 
cals, a,8-unsaturated ketones and organic thiols, 
were tested for their effects upon histamine, ana 
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phylactic shock, and acetylcholine spasms of the 
isolated guinea pig ileum, and for their effect upon 
the epinephrine relaxation of isolated guinea pig 
colon. 

2. Khellin and piperitone both reduced hista 
mine and acetylcholine spasms while khellin also 
Po- 
tassium arsenite reduced histamine and acetyl] 
choline spasms, but not uniformly. 

3. The activity of epinephrine was potentiated 


reduced the spasms of anaphylactic shock. 


by oxophenarsine, hematein, propylthiouracil, 
rutin, cysteine, and thiomalic acid. This effect 
may be attributed to inhibition of the enzymes 
involved in the metabolism of epinephrine. 
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The lon-Exchange Chromatographic Determination of 
Antihistamines* 


By SEYMOUR M. BLAUG and LOUIS C. ZOPF 


The number of methods for the quantitative determination of antihistamines is al- 


most as numerous as the substances themselves. 
graphic, volumetric, and spectrophotometric procedures have been applie 
termine quantitatively antihistaminic compounds. 


exists. 


laro- 
to de- 
However, no general method 


Colorimetric, gravimetric, 


The primary purpose of this study was to develop a new method, using ion 
exchange techniques, for the analysis of antihistamines. 


The method developed 


was applied to antihistamines in the three major groups, i. e., basic ethers, deriva- 


tives of ethylenediamine, and monoamines. 


assayed using ion exchange techniques. 


Tablets, elixirs, and ointments were 


The results of the study clearly indicate the 


usefulness and practicality of the ion exchange procedure in the pharmaceutical 
analysis of antihistamine salts. 


‘T= VARIETY of substituent groups which may 

be present in the structural unit of antihis 
taminic compounds has led to numerous methods 
for the quantitative determination of these com 
Jones and Brady (1) applied the Kénig 
reaction (2, 3) to the analysis of 2-pyridyl sub 
stituted 


pounds 


Perlman 
(4) used a similar method to determine quanti 


antihistaminic compounds. 
tatively the concentration of antihistaminic com 
pounds in urine. Another colorimetric procedure 
was developed by Gelvin, McGavack, and Drek 
ter the amount of 8-dimethyl- 
aminoethyl benzhydryl ether and N,N-dimethy] 


5) to determine 


N’-2-pvridyl-N-benzylethylenediamine in body 
fluids 

A colorimetric procedure applicable to various 
antihistaminic 
Bandelin, Slifer, 
acted the 
eckate reagent in aqueous solution, to produce a 
precipitate 


compounds was developed by 


Thev 
ammonium 


Pankratz (6). 


antihistamine 


and re 


with rein 


which can be isolated, dissolved 


acetone, and determined colorimetrically. 
The 


and 


reaction between 2-thiobarbituric acid 


2-sulfanilamido pyrimidine to form a red 
color was reported by Kohn and Liversedge (7) 
1944. Feldstein and Klendshoj (8) adapted 


the reaction to the determination of an antihis 


in 


tamine containing the pyrimidine nucleus (N’-p 
methoxybenzyl-N ’-2- pvridvl- N’-dimethylethy] 
enediamine). 

Bingenheimer and Christian (9) attempted a 
polarographic study of antihistaminic compounds 
based on the possibility of two centers of polaro- 
graphic activity in most of the antihistamines, 
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the pyridine or similar nitrogen heterocycle nu- 
cleus and the tertiary or quaternary amine group. 
The reduction curves they obtained were not 
indicative of concentration nor were they repro- 
ducible. 

Antihistaminic compounds have been titrated 
directly with a volumetric solution of perchloric 
acid in dioxane (10). 
tralization 


Heim (11) reports a neu- 
method for the analysis of a basic 
By this method the anti 
histamine is converted to the free base, extracted 
with ether, reacted with sulfuric acid, 


ether antihistamine 


and the 
residual sulfuric acid then titrated with sodium 
hydroxide. In the study gravimetric 
procedure for the Coemmination of a 2-pyridyl 
derivative (N,N-dimethyl-N ’-( 
zylethylenediamine) is reported. 
Antihistamines, 


same a 


2-pyridyl)-N ’-ben- 
substituted 
compounds, exhibit ultraviolet absorption spec- 
tra. Several 2-14) have ap 
plied a spectrophotometric assay method to anti- 
histaminic compounds. 


being aromatic 


investigators 


In recent years a number of papers have been 
published on the determination of alkaloidal salts 
(15-22) and salts of local anesthetics (23) by the 
use of anion exchange resins. 
resins 


Anion exchange 
aluminum 
primarily because they can be regenerated. 

Tompkins (24) points out that there is still a 
paucity of background data concerning the con 


have great advantages over 


oxide, 


stants of ion exchange reaction which make for 
difficulties in the development of new procedures 
in which the exchangers are used. However, the 
excellent results obtained with ion exchange resins 
in analytical work warrauts the application and 
development of new procedures in which ex- 
changers are used. The primary purpose of this 
investigation was to develop a new method for 
assaying antihistaminic compounds, using ion ex- 
change techniques. 
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Preparation of the Resins.—The resins used in 
this study were a weakly basic anion exchange 
resin Amberlite®! IR-4B, a strongly basic anion 
exchange resin Amberlite® IRA-410, and a carboxylic 
acid-type cation exchange resin Amberlite IRC-50. 
[hese resins were purified in order to avoid the 
occurrence of resin-derived products in the solution. 
As a standard procedure, each resin was treated with 
several alternate washings with acid (1 N HCl) and 
alkali (0.56 N NaOH). The resins were then washed 
with distilled water until the washings were negative 
to phenolphthalein 

The resins were air dried and ground to a particle 
size of 0.2-0.4 mm. in a mortar. 

Before the resins could be used they had to be 
regenerated. The anion exchange resins were re- 
generated to the free base or hydroxyl form and the 
cation exchange resin was regenerated to the hydro- 
gen form. Regeneration was carried out in the 
exchange tubes 

Amberlite IR-4B was regenerated by passing 100 
ee. of a 4% solution of sodium carbonate through 
10 ce. of the resin column. The excess of sodium 
carbonate was removed by washing the column with 
boiled distilled water until the washings were nega- 
tive to phenolphthalein. Amberlite IRA-410 was 
regenerated in a similar manner using 100 ce. of a 
1% solution of sodium hydroxide 

he cation exchange resin was regenerated in the 
hydrogen cycle by passing 100 cc. of 1 N hydro- 
chloric acid through 10 cc. of the resin column 


The excess hydrochloric acid removed by washing 
with boiled distilled water until the washings were 


green to bromothymol blue 

Preparation of Exchanger Tubes.—The tubes 
were prepared from glass tubing which was 20 cm. 
in length and 10 mm. in diameter. One end of the 
tube was drawn out to a narrow tube to which was 
affixed a rubber tube 3 cm. in length and fitted with a 
glass tip and a Hoffmanclamp. Another glass tube, 
20 mm. in diameter and 40 mm. in length, was 
fused to the top of the resin chamber to eliminate the 
need for a separate funnel in introducing the solu 
tion. <A plug of glass wool was placed in the bottom 
of the resin chamber to support the resin column. 

Preparation of the Resin Column.—The resin 
colurnn was prepared by slurrying regenerated wet 
resin into the tube, permitting the column to form 
by sedimentation. A glass wool plug was placed on 
top of the column to keep the resin in place. The 
column was always covered with a layer of solvent 
to exclude air from the resin column, since air causes 
channeling which decreases the efficiency of the 
column 

Ten cubic centimeters of regenerated resin was used 
in each column. This was based on the values given 
by Kunin and Myers (25) for the capacity of the 
ion exchangers used in this study 

Ion Exchange Procedure.—Ten antihistamines 
were used for this study. The antihistamines in- 
vestigated are listed in Table I. This table in- 
cludes two basic ethers (A and B), and five ethylene- 
diamine derivatives (C, D, E, F, and G) which can 
be subdivided into ‘a pyridine derivative (C), 
a thiophene derivative (ID)), and chlorinated thio- 
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phene derivative (E), a phenothiazine derivative 
(F), and a piperazine derivative (G). Also in 
cluded are two monoamines (H and 1), and an allyl 
amine (J). 

Each antihistamine was recrystallized from ab 
solute ethanol and dried to constant weight before 
use. An amount of antihistamine equivalent to a 
volume of 0.1 N hydrochloric acid that could be 
accurately measured in a 5-cc. microburet, was 
chosen for analysis. The solvent used was 60% 
ethanol because it was found that the salt and the 
free base forms of all ten antihistamines were soluble 
in it. Before use, the regenerated and rinsed resin 
column was washed with 20 cc. of the solvent. 

Approximately 0.25 milliequivalent of the anti- 
histamine salt was accurately weighed and dis- 
solved in 15 cc. of solvent. The solution was passed 
through a prepared column of Amberlite IR-4B, 
the speed of flow being regulated to 60 drops per 
minute. The beaker in which the antihistamine 
salt was dissolved was rinsed with 5-10 ce. portions 
of the solvent, the rinsings being used to wash the 
resin column. Fifty cubic centimeters of eluate 
was collected. The bases present in the eluate were 
determined by titration with 0.1 N hydrochloric 
acid, using 3 drops of bromocresol green as indicator 


[.--ANTIHISTAMINES INVESTIGATED 


Chemical Name 
2( Benzohydryloxy)-N,- 
N-dimethylethylam- 
ine hydrochloride 
2-|a-(2-Dimethyla 
minoethoxy)-a-meth 
oxybenzyl] pyridine 
succinate 
N-Benzyl-N’,N ‘-di 
methyl-N-2-pyridy! 
ethylenediamine hy- 
drochloride 
|(2-Dimethylamino- 
ethyl) -2-thenyla 
mino] pyridine hydro- 
chloride 
2[(5-Chloro-2-theny} - 
(2-dimethylamino 
ethyl) amino}-pyridine 
citrate 
10-(2-Dimethylamino- | 
propyl) phenothiazine 
hydrochloride 
1-(4-Chlorobenzhydr) yl- 
4-methyl piperazine 
dihydrochloride 
2-Methy!l-9-phenyl-2,3,- 
4,9-tetrahydro-l-pyr- 
dindine tartrate 
2-[ p-Chloro-a-(2-di Chlorprophenpy 
methylaminoethy! ridamine male- 
benzyl] pyridine ma- ate 
leate 
(J) 1-p-Chlorophenyl-2 
phenyl-4-pyrrolidino 


Generic Name 
Diphenhydramine 
hydrochloride 


Doxylamine suc 
cinate 


Tripelennamine 
hydrochloride 


2 Methapyrilene hy 


drochloride 


Chlorothen citrate 


Promethazine 
drochloride 


Chlorcyclizine 
drochloride 


Phenindamine 
trate 


Pyrrobutamine di 
phosphate 


Fifty cubic centimeters of solvent was passed 
through the same column and titrated with 0.1 V 
hydrochloric acid. This blank was subtracted from 
the value found by titration of the antihistamine 
base. In this way the completeness of the washings 
could be controlled by determination of the blank 
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value immediately after the analysis. The concen- 
tration of antihistamine was calculated by multi- 
plying the volume of 0.1 N hydrochloric acid con- 
sumed by the equivalent weight of the antihistamine 

The same procedure was followed using Amberlite 
!RA-410. The results showed that the per cent 
recovery from Amberlite IR-4B was very low. The 
following experiment was carried out in order to 
determine if Amberlite IR-4B was adsorbing the 
antihistamine or if it weak to convert 
quantitatively the antihistamine salt. The eluate 
from the column of Amberlite 1R-4B was passed 
through a column of Amberlite IRA-410. The 
eluate from Amberlite IRA-410 was then titrated 
with 0.1 N hydrochloric acid. The per cent re- 
covery indicated a quantitative exchange. There- 
fore, the low recovery from Amberlite IR-4B was 
not due to the resin adsorbing the antihistamine, 
but was due to incomplete conversion of the anti- 
histamine salt in the weakly basic resin column. 
This was rectified by increasing the volume of Am- 
berlite IR-4B to 20 cc. and lengthening the column 
to 40 cm. When using the strongly basic resin, 
Amberlite IRA-410, 10 cc. of resin in a 20-cm. 
column was used 

Since the total capacity of each resin was high, 
triplicate determinations were carried out without 
regeneration. The columns were regenerated after 
being used four times. Results of the ion exchange 
assay procedure are given in Table I]. 


was too 


Il Resutts or lon ExXcuanGce ANALYSIS 
ON 0.25 MILLIEQUIVALENT OF ANTIHISTAMINE SALT 


- Found 

Compound IR-4B, IRA-410 
Diphenhydramine hydro- 

chloride 07.14 98 54 
Doxylamine succinate YS 101.16 
Tripelennamine hydro- 

chloride 
Methapyrilene hydro- 

chloride US 
Chlorothen citrate 48 
Promethazine hydrochlor- 

ide US 
Chloreyclizine hydrochlor- 

ide 101 
Phenindamine tartrate 95 
Chlorprophenpyridamine 

maleate 7 
Pyrrobutamine diphosphate 99 


* Average 


Tablets.-Ten 50-mg. tablets of tripelennamine 
hydrochloride were accurately weighed and ground 
in a mortar. An aliquot equivalent to approxi- 
mately 75 mg. of antihistamine was accurately 
weighed and mixed with 20 cc. of 60% ethanol. 
This solution was filtered through a pledget of 
cotton, previously dampened with the solvent, 
directly onto a column containing 10 cc. of Amber- 
lite IRA-410. The speed of flow through the column 
was regulated to 60 drops a minute. The filter 
and resin column were washed with 4-10 cc. por- 
tions of 60% ethanol. Fifty cubic centimeters of 
eluate was collected and titrated with 0.1 N hydro- 
chloric acid using bromocresol green as indicator. 
A blank was run by similarly treating an equivalent 
amount of placebo tablets. 


Screntiric Eprrion 11 


Elixir.— To 50 ce. of a placebo elixir, containing 
everything but the antihistamine, was added 375 
mg. of tripelennamine hydrochloride. Exactly 
10 ce. of this solution was mixed with 10 cc. of 60% 
ethanol and this solution was treated as outlined 
under tablets. However, results were high indicat- 
ing the presence of other salts in the elixir. The en- 
tire procedure was repeated using a column con- 
taining 20 cc. of the weakly basic resin Amberlite 
IR-4B. 

Elixir with Ephedrine.—In order to determine 
quantitatively the amount of antihistamine in an 
elixir containing ephedrine, the two compounds had 
to be separated. This was accomplished by using a 
carboxylic acid cation exchanger, Amberlite IRC-50 
and Amberlite IRA-410 

To 50 cc. of a placebo elixir containing ephedrine, 
375 mg. of tripelennamine hydrochloride was added. 
Exactly 10 ec. of this solution was mixed with 10 cc. 
of 60% ethanol and passed through a column con- 
taining 20 ce. of Amberlite IRC-50. This column 
was washed with 2 portions of the solvent 
mixture. Forty cubic centimeters of eluate was 
collected and passed through a column containing 
10 ce. of Amberlite IRA-410. This column was 
washed with enough solvent mixture to bring the 
volume of the eluate to 100 ce. The eluate was 
titrated with 0.1 N hydrochloric acid using bromo- 
cresol green indicator. A blank was run by simi- 
larly treating 10 cc. of the placebo elixir containing 
ephedrine but no antihistamine. The ephedrine 
was recovered from the column of Amberlite IRC-50 
by eluting the column with 4-10 cc. portions of 
0.1 N hydrochloric acid 

Petrolatum Ointment.—A 2-Gm. sample of a 
petrolatum ointment containing 5% tripelennamine 
hydrochloride was dissolved in 50 cc. of petroleum 
ether and extracted with 5-25 ce. portions of dis- 
tilled water. The combined aqueous extracts were 
evaporated to 5cc., then diluted to 15 cc. with 95% 
ethanol. This solution was then treated in the 
same manner as outlined under tablets. 

Water-Soluble Ointment.—A 2 Gm. sample of 
polyethylene glycol ointment U. S. P. XIV, con- 
taining 5% of tripelennamine hydrochloride, was 
dissolved in distilled water to make 100 cc. of solu- 
tion. This solution was treated in the same manner 
as outlined under petrolatum ointment beginning 
with, “The combined aqueous extracts were evapo- 
rated....” 

The analytical results on preparations containing 
tripelennamine hydrochloride are shown in Table III. 


15 ce 


Taste IIL—ANALYsIS OF PREPARATIONS CoNn- 
rAINING TRIPELENNAMINE HYDROCHLORIDE 


Found by 
Ion 
Theoret ical Exchange, 
Content 

50 mg./tab. 100.90 
5 mg./ece. 98 
5 mg./ec 97.20) 

50 mg./Gm. 97.76 


Type of Preparation 
Tablet 
Elixir 
Elixir with ephedrine 
Petrolatum ointment 
Water-soluble oint- 
ment 


‘ 
‘ 


50 mg./Gm 98.91 


DISCUSSION 


Amberlite IRA-410, the strongly basic resin, is 
better suited for the analysis of antihistamine salts 
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than Amberlite IR-4B, the weakly basic resin 
There is a significant difference between the results 
obtained, using these two resins, at the 2% con- 
fidence level. This difference is due to the basicity 
of the two resins. Amberlite IR-4B, acting like a 
weak base, does not completely convert salts of 
weak acids. The results in Table II indicate more 
complete conversion to the free base when the com- 
pound is a salt of a strong acid. However, most of 
the difficulty with Amberlite IR-4B can be over- 
come by lengthening the column and reducing the 
particle size of the resin. Furthermore, a weakly 
basic resin cannot be used over as wide a pH range 
as a strongly basic resin. Resins containing only 
weakly basic groups will be nighly ionized and can be 
used for anion exchange in an acid medium. Amber- 
lite IRA-410 with strong basic strength can be used 
for anion exchange in acidic, neutral, and basic 
mediums. 

Of great importance in the ion exchange assay 
procedure is the proper choice of solvent. The salt 
and free base form of the antihistamine must be 
soluble in the solvent. If the free base is not com- 
pletely soluble, some of it will be retained on the 
resin column. The flow rate through the column, 
although not too critical, is important. If the flow 
rate is too rapid, incomplete conversion results. 

A blank determination is an essential part of the 
assay procedure. It corrects for any free base not 
washed out of the resin and also for any slight 
alkalinity due to the solvent and resin 

The application of the ion exchange procedure to 
the analysis of pharmaceutical preparations con- 
taining antihistamines presents several problems 
Colored preparations, such as the elixir and the 
tablets, must be sufficiently diluted to prevent the 
color from appearing in the eluate. The resin 
itself adsorbs some of the coloring matter, Amberlite 
IRA-410 adsorbing considerably more than Amber- 
lite IR-4B. This is important because any color in 
the eluate obscures the end point. 

The ingredients used in preparing the placebo 
tablets (starch, lactose, tale, and gelatin) did not 
interfere with the assay, Sucrose used in the elixir 
also has no effect on the assay procedure. 

The presence of alkali and ammonium salts inter- 
feres markedly in the analysis. Amberlite IRA-410, 
because of its strongly basic character, not only 
liberates the antihistamine base, but also converts 
alkali and ammonium salts quantitatively into the 
corresponding bases, so that the analysis will give 
the total amount of ions in the sample. Amberlite 
IR-4B, acting like a weak base, does not convert 
alkali and ammonium salts to the corresponding 
bases. It can be used whenever the pharmaceutical 
preparation to be analyzed contains these salts. 

The expectorant mixture containing tripelen- 
namine hydrochloride and ephedrine could not be 
assayed by the usual procedure. Ephedrine is a 
fairly strong base and is not adsorbed by either 
Amberlite IR-4B or Amberlite IRA-410, hence it 
appears in the eluate with the antihistamine. 
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Therefore, the antihistamine must be separated from 
ephedrine before it can be quantitatively determined. 
This is accomplished by adsorbing the ephedrine on 
the cation exchanger IRC-50, which does not ad- 
sorb the antihistamine salt. The antihistamine 
salt comes through in the eluate and is treated by 
the standard ion exchange procedure. 

The antihistamine containing ointments offered 
no difficulties other than finding a suitable solvent 
for extraction of the antihistamine salt. 


SUMMARY 


1. A method has been worked out for the de 


termination of antihistamine salts involving 
exchange of ions on the synthetic resins known as 
Amberlite IR-4B, Amberlite IRA-410, and Am- 
berlite IRC-50. 

2. A method for separating aa antihistamine 
from ephedrine by ion exchange has been de- 
veloped using a carboxylic cation exchanger and 
a strongly basic anion exchanger. 

3. Pharmaceutical preparations containing 
an antihistamine salt have been assayed by ion 
exchange chromatography. The results obtained 
agree very well with the theoretical content of the 


preparations. 
REFERENCES 
(1) Jones, H. M., and Brady, E. S 
579(1949) 


(2) Kénig, W., J. Prakt. Chem 
(3) Konig, W., 


Tris Journat, 38, 


69, 1051904). 
ibid., 70, 19( 1904) 


(4) Perlman, E., J. Pharmacol. Exptl. Therap., 95, 465 
(1949). 

(5) Gelvin, E. P., MeGavack, T. H., and Drekter, I a 
Bull. N. Y. Med. Coll., Flower and Fifth Ave. Hosp., 9, 51 
(1946) 


(6) Bandelin, F. J., Slifer, E. D., and Pankratz, R. E., 
Puts JouRNAL, 39, 277(1950) 

(7) Kohn, H. L., and Liversedge, M., J. 
Exptl. Therap., 82, 202(1944) 

(8) Feldstein, M., and Klendshoj 
40, 370(1951). 

(9) Bingenheimer, L. E., Jr 
40, 164(1951 

10) Kleckner, L. J 

(11) Heim, H., J 
1950 

12) Anderson, L. T and Gakenheimer, W. C 
Journac, 38, 373(1949). 

13) Martin, E. W., and Harrisson, J. W. E., ibid., 39, 390 


Pharmacol 
N. C., Tuts Journat 
and Christian, J. E., ibid., 


and Osol, A., 
Assoc. Offi ler 


ibid., 41, 573(1952) 
Chemists, 33, 190 


Tats 


(14) Banes, D., J. Assoc. Offc Aer. Chemists, 34, 703 
(15) Jindra, A., J. Pharm. and Pharmacol, 1, 87(1947) 
(16) Huyek, C. L., Am. J. Pharm, 122, 228(1950) 

(17) Jindra, A., and Pohorsky, J., J. Pharm. and Pharma 

col., 3, 344(1951) 

18) Rasmussen, B. H., 

thid., 4, 566(1952). 

(19) Levi, L., and Parmilo, C. G., 

(1952) 

(20) Gunderson, F. O., Heiz, R., 

Pharm. and Pharmacol., 5, 608( 1953) 
(21) Grant, E. W., and Hilty, W. W., 

3, 150(1953) 

(22) Saunders, L., Elworthy, P. H., and Fleming, R., J 

Pharm. and Pharmacol., 6, 132(1954) 

(23) Jindra, A., and Rentz, J., thid., 4, 645(1952) 

(24) Tompkins, E. R., Analyst, 77, 970(19: 

(25) Kunin, R., and Myers, R. J., “lon E 
ins,’ John Wiley & Sons, Inc., New York, 1952 


Fuchs, D., and Lundberg, L 
Can. J. Chem., 30, 793 
and Klevstrand, R., J 


Tats JouRNAL, 


xchange Res 


| 
by 
ef 
| 
7 


Effect of Actamer® and Tyrothricin on Oral 
Microorganisms* 


By H. J. FLORESTANO, M. E. BAHLER, and ALICE B. RICHARDS 


The effect on the oral microbial flora of lozenges containing Actamer® and tyrothri- 

cin, singly and in combination, has been determined. The agents when administered 

alone significantly decreased the total numbers of microorganisms for at least one- 

half hour after dissolution of a single lozenge. When Actamer and tyrothricin were 

applied in combination, further decreases in count occurred, significant reduction 
of which was maintained for as long as four hours. 


T= COMPLEXITY of the oral flora as well as the 

great difficulty in assaying the numbers and 
types of microorganisms present is well recog 
nized. Equally difficult has been the evaluation 
of oral antiseptic preparations, despite the many 
attempts to develop more accurate methods for 
Although di 
rect comparison of the activity of various agents 


microbial analysis of the mouth. 


against microorganisms of oral origin is possible in 
vitro, results obtained may not be indicative of 
their true efficacy under actual conditions of use. 
On the other hand, in vivo methods of test are 
also limited, since no practical measure has yet 
been devised that will permit quantitative de 
terminations of remaining in the 
mouth following use of antiseptics. Reliance is 
therefore placed upon methods by which such 


organisms 


studies are made from specimens obtained before 
and after medication. The numbers and types of 
microorganisms removed from the mouth may 
then serve as an index of those remaining. 
Organisms such as streptococci, staphylococci, 
pneumococci, lactobacilli, fusiform bacillus, Aleb- 
siella pneumoniae, 
vincenti, and other spirochetes are constantly 
found in the mouth both in health and disease. 
Topical use of antiseptics in general will only 
temporarily inhibit these organisms, re-establish- 


Proteus vulgaris, Borrelia 


ment in large numbers occurring within a short 
time. Since disinfection of the oral cavity is 
practically impossible, the primary aim of treat- 
ment of diseases of the mouth and related tissue 
should be directed at keeping down the numbers 
of organisms. In this regard, it appears that mi 
crobial activity might be of greater significance 
than mere numbers (1, 2). The total numbers of 
microorganisms in the mouth should be considered 
solely in connection with their relationship to 
probable microbial activity. Thus, increase and 
decrease in total numbers become far more im 


portant than scattered total counts. The ideal 


* Received March 30, 1955, from the Research Depart 
ment, Pitman-Moore Company, Division of Allied Labora- 
tories, Inc., Indianapolis, Ind 


preparation then for oral prophylaxis and treat- 
ment would be one that, in addition to reducing 
markedly the numbers of organisms, could effect 
prolonged inhibition of microbial activity. 

The in vitro antimicrobial properties of tyro- 
thricin are well known. Those of Actamer [2,2’- 
thiobis(4,6-dichlorophenol)] have recently been 
described (3). Both agents have been found to 
possess marked antibacterial action in addition to 
significant activity against certain yeasts and 
molds (4, 5). The present report deals with an 
in vivo evaluation of the inhibitory action of these 
two drugs on the oral flora when used singly and 
in combination in lozenge form. 


EXPERIMENTAL 


Quantitative determinations of microorganisms 
present in the saliva of 8 adult male individuals were 
made before and after a single administration of the 
following preparations, respectively: (a) plain 
lozenge containing 3.33 mg. of benzocaine, (>) loz- 
enge containing 3.33 mg. of benzocaine and 5.0 mg. 
of Actamer®, (c) lozenge with 3.33 mg. of benzocaine 
and 1.0 mg. of tyrothricin, and (d) lozenge contain- 
ing a combination of benzocaine (3.33 mg.), Actamer 
(5.0 mg.) and tyrothricin (1.0 mg.). In addition to 
the above, in order to study the effect of increased 
salivation on the numbers of oral microorganisms 
removed from the mouth, each subject began the 
series of tests using a coat button, the approximate 
size of the test lozenges, for a period of time com- 
parable to that required for complete dissolution of 
the actual preparations. 

Saliva specimens were collected according to the 
three-minute paraffin chewing technique (6) im- 
mediately before administration of each lozenge, 
one-half hour following dissolution of the lozenge, 
again at two hours after, and finally at four hours. 
An interval of at least two days was allowed each 
subject between testing of the various preparations. 
Individuals were instructed to refrain from eating, 
drinking, and smoking (four of the subjects were 
non-smokers) during the actual period of test. 
The respective saliva specimens were collected at the 
same time each day, pretreatment samples being 
taken at8:00a.m. Each three-minute specimen was 
adjusted to a total volume of 20 cc. with brain heart 
infusion broth (Difco) immediately following col- 
lection and appropriate dilutions plated in duplicate 
in brain heart infusion agar containing 5% rabbit 
blood. After incubation of plates at 37° for two 
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EFFECT OF SINGLE ADMINISTRATION OF VARIOUS LOZENGES ON ORAL MICROORGANISMS IN EIGHT 


SUBJECTS 


Initial 
Mean count (range)*® 518(96—-1290) 
©, Change from initial’ 
No. subjects showing 
decrease 
Mean difference in 
count + S_.E- 
Significance 
Mean count (range 
©, Change from initial 
No. subjects showing 
decrease 
Mean difference in 
count + SI 
Significance 
Mean count (range 
“> Change from initial 
No. subjects showing 
decrease 
Mean difference in 
count + S.E 
Significance ) 
Mean count (range 
Change from initial 
No. subjects showing 
deere ist 
Mean difference in 
count + SF 
Significance 
Mean count (range 
‘, Change from initial 
No. subjects showing 
ck 
Mean difference in 
cr unt S 
‘ 


Lozenge 


Button 


Plain 734 (388 


Actamet 


lyrothricin 


Actamer® +4 640 (176 


Tyrothricin 


Significance 


n millon 
respectively 


* All counts are 
saliva specimens 


given 


694 (236-2029 


O41 


1340 


and represent the average total numbers of microorganisms removed in the three 


After Use of Lozenge 
2 hr 
514(29-1280) 731 (367 
O8 


4 ber 
(2908 


150) 1400) 


213 + 130 2+ &) 
NS 
762 (447 


+3.8 


1269) 388-1290) 


(300-800 


N.S 
351(142 $10 (280-830) 535 (266-830) 
iS.4 36.0 16.5 


310 + 149 


176 (94-277) 330 (169-638) 
-72.5 iS 4 


S10 122 


oe 270 + 128 


2.0 


minute 


* Positive values show the per cent increase and negative values the per cent decrease from initial total counts 


* Represents the mean for the changes in count: negative values indicate a decrease; positive 
; not significant 


@ Significance of mean difference in « ount; N.S 


made to 
obtain the numbers of microorganisms present per 
Both 
streptococci 
were determined. Using the 
is 100% the per cent 
total streptococcal 
various test intervals after medica- 
tion were computed. The mean differences between 
initial counts and those obtained following medica- 
tion were then analyzed for significance by use of the 


Student's ¢-test (7 


days, colony counts and calculations were 
total volume of respective saliva specimen 
total the 
alpha and beta types 


pretreatment 


counts and incidence of 


counts base, 


decrease or increase in and 


numbers at the 


RESULTS 


The the 
organisms following 


total numbers of oral micro- 
ulministration of the 
various preparations are shown in Table I. Counts 
after indicate 
the action of mere salivation and deglutition on the 
numbers of oral microorganisms Ordinarily, bac- 
terial counts of saliva will increase rapidly between 
meals, after which they will be decreased and sub- 
sequently rise again. With the button, the count 


effects on 


sing lc 


obtained application of the button 


Weaver of 
Analysis of 


awrence C 
Statistical 


are indebted to Dr. I 
Division for the 


' The authors 
the Pharmacology 
data 


an imecrease 


was unchanged at one-half hour. However, at 
four hours the mean difference in count was signif- 
icantly rhe apparently larger but in- 
significant reduction of microorganisms shown one- 
half hour following administration of the plain loz- 
enge may have been due to greater salivation in- 
the sugar and other ingredients of the 


tmcreased 


duced by 

vehicle 
When Actamer® 

tered alone, at 


and tyrothricin were adminis 
in the oral flora 
it all time intervals, as indicated 
by negative values for mean differences in counts, 
although the 

one-half hour 
agents were 


over-all decrease 


was manifested 


reduction was significant only at the 
However, the 
used in combination, there was a sig 
it each interval tested. As shown 
per cent decrease from the 
half hour after medica- 
tion with the combination of Actamer® and tyro- 
thricin, while the reduction following each agent 
alone 15.7% and 484%, Four 
hours after application of the combination lozenge, 
the average decrease was 42.2%, against 25.5% for 
Actamer 16.5% for tyrothricin. In 
comparison, average counts following the button 
ind plain lozenges showed increases over the initial 
of 33.2% and 9.9%, respectively, at the end of four 
hours. 


period when two 
nificant decrease 
in Table I, the 

initial count was 72.5% 


iveragt 


on 
was 


respectively 


alone and 


—— 
3 
NS 
+ ; 242 + 135 28 + 124 73 + 135 
377 (184-614) 447 (265-673) 517 
a. 317 + 162 247 + 179 177 + 175 
231 + 155 106 + 171 
N.S 
12.2 
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-Errect OF SINGLE ADMINISTRATION OF VARIOUS LOZENGES ON ORAL HEMOLYTIC STREPTOCOCCI 


IN E1rcutr Supyects 


Initial 


194 (51-504) 


Lozenge 
Button® Mean count (range)? 


Change from initial* 


After Use of Lozenge 
: hr 2 hr 
181 (102-360) 268 (158-606) 
+928 5 


4 hr. 
294 (127-631) 
+52.0 


Plain 


Actamer® 


No. subjects showing 
decrease 
Mean difference in 
count + S.E4 
Significance 
Mean count (range) 
‘, Change from initial 
No. subjects showing 
decreases 
Mean difference in 
count + S.E 
Significance (7) 
Mean count (range) 
“>, Change from initial 


279 (117-760) 


301 (97 


145 (79-289) 
-51.8 


0 


74 + 19 
N.S 
346 (132-820) 


1) 


67 
N.S 
203 (118-290) 


+ 22 
N.S 

390 (L80—-830) 
+398 


lil 74 

N.S 

280 (136-413) 
7.0 


No. subjects showing 
decrease 

Mean difference in 
count + 

Significance 

Mean count (range) 

‘> Change from initial 

No. subjects showing 
decrease 

Mean difference in 
count + S.E 

Significance (°;) 

Mean count (range) 

Change from initial 

No. subjects showing 
decrease 

Mean difference in 
count + S.E 

Signific ince (‘ 


Pyrothricin 289 (89 


Actamer® + 316 (93-897) 


Tyrothricin 


* Analysis based on 5 subjects only 
6 All counts are given in millions and represent the 
three-minute saliva specimens, respectively 


average numbers of both 


—156 + 
5 i 
124 (66-352) 2 ( 2 


io we = 


57.5 


—165 + 79 98 


74 (42-138) 


9 (6-246) 


-249) 


—177 + 77 
2.5 


pha and beta streptococci removed in the 


Positive values show the per cent increase and negative values the per cent decrease from initial streptococeal counts, 


4 Represents the mean for the changes in count 
* Significance of mean difference in count; N.S 


The effects of the various lozenges on oral strepto- 
cocci were essentially identical with those observed 
on total counts, with the exceptions that the increase 
in streptococcal count four hours after the button 
and the decrease in the same interval 
following the drug combination were not significant 
(Table IL). Since no significant differences were 
apparent in changes from initial counts between the 
alpha and beta streptococci, both types have been 
combined in the presentation of results 
alpha streptococci ranged from 34.5 to 50.5% of the 
total counts, while beta streptococci were present to a 
much smaller degree, i. e¢., 1.6 to 5.5%. The oc- 
currence of oral hemolytic streptococci in terms of 
percentages of total numbers appeared to be some 
what lower than has been reported by other investi- 


count at 


In general, 


gators (S, 0 


DISCUSSION 


While it is generally agreed that disinfection of the 
oral cavity is practically an impossibility, it would 
seem a valuable aid both in prophylaxis and in in- 
fectious disease of the mouth and adjacent areas if at 
least some inhibition of microbial growth could 
be accomplished. Tyrothricin is primarily active 
against Gram-positive bacteria. Actamer® is also 


negative values imidicate 
not significant 


a decrease; positive, an increase 


particularly effective against Gram-positive species 
but possesses, in addition, moderate Gram-negative 
activity (3). That Actamer® and tyrothricin may 
act in a complementary manner is indicated by the 
much greater and more sustained decreases in total 
numbers of microorganisms resulting from the ad- 
ministration of these agents simultaneously. 

Considering the activity shown by the combina- 
tion of Actamer® and tyrothricin following applica- 
tion of a single lozenge, it would be reasonable to 
assume that repeated medication throughout the 
day should notably augment the antimicrobial 
effect. Such enhancement of action has been shown 
in similar studies with other chemotherapeutic 
agents (8, 10). 

The lozenge containing 5.0 mg. of Actamer®, 1.0 
mg. of tyrothricin, and 3.33 mg. of benzocaine* 
has been administered to 220° individuals with 
no evidence of oral or gastrointestinal irritation. 
Subjects ingesting an average of 8 lozenges per day 
for twenty-five to sixty-eight days showed no 
changes in blood, urine, or liver function. No indi- 
cation of sensitization manifested upon re- 
peated use. Clinical results have indicated very 


was 


? Pemzoles—Trade name of Pitman-Moore Company. 
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good response when the preparation was employed 
for topical treatment of infections of the mouth and 
throat. 


SUMMARY 


1. The effect on the oral microbial flora of 
lozenges containing Actamer® and _ tyrothricin 
alone and in combination has been determined 
following single administration. 

®. Each of the agents significantly decreased 
the numbers of microorganisms for at least one 
half hour after dissolution of the lozenge. 

3. When Actamer® and tyrothricin were ap 
plied together, total counts were maintained at 
significantly reduced levels for four hours. These 
decreases were 72.5°% one-half hour after dis 
solution, 48.47 at two hours, and 42.2) at four 
hours. 


XLY, No. 1 


1. Alpha and beta streptococci, which were 
found to constitute from 36.1 to 56.0% of total 


saliva counts, showed reductions in numbers 


following use of Actamer® and tyrothricin com 
parable to those obtained for total counts 
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A Colorimetric Comparison of Plasma-Salicylate 
Levels Following the Oral Administration of 
Certain Salicylates to Rabbits* 


By GEORGE J. COSMIDES, FRED W. STEMLER#, and TOM S. MIYA 


A new analgetic tablet, designated as the P-tablet, has been compared with aspirin 


and two well-known analgetic tablets. 


Each tablet contains a source of salicylate 


ion and the dose of each drug has been calculated on the basis of salicylate equiva- 


lents; 


this permitted a fair evaluation of the resultant plasma-salicylate levels. 


Plasma-salicylate levels have been used as an index of their therapeutic activity. 
The influence of the various components of each tablet on the rate of absorption has, 


in effect, been compared to the rate of absorption of aspirin alone. 


The plasma- 


salicylate concentrations have been determined colorimetrically and evaluated by 


significance tests for multiple contrasts in the analysis of variance 


The analyses 


show that significantly higher plasma-salicylate levels are obtained from the P-tablet 
than from Bufferin®, Anacin®, or aspirin, at five and ten minutes after administration. 


Atmoucs the salicylates are among the most 

widely used drugs, the mechanism of action 
The salicylates, as with all drugs 
develop- 


is not known. 
given systemically, depend on the 
ment of an effective concentration in the body 
to effect therapeutic action. Considerable study 
has been made on the influence of dose and routes 
of administration, absorption and distribution 
within the body, and metabolism and excretion 
on the concentrations developed, especially in 
(1). With the widespread use of 
salicylates in particularly in 
patients suffering with rheumatic fever and ar 


the blood 


massive doses, 


* Received May 31. 1955, from the Research Laboratories 
of the Purdue Universit y School of Pharmacy, Lafayette, Ind 

+ Present address Army Chemical Center, Aberdeen, 
Maryland. 


thritis, it is desirable to control the blood salicyl- 
ates in order to maintain a therapeutic effect. 

The main objective of this investigation was to 
compare the plasma-salicylate levels at five, ten, 
twenty, forty, and sixty minutes, produced by 
aspirin U. S. P., Anacin®, Bufferin®, and a new 
salicylate combination (2), hereafter to be called 
the P-tablet, after oral administration to rabbits. 

In a previous study (3) we investigated the 
plasma-salicylate levels of the P-tablet at inter 
vals of one, two, four, and eight hours and found 
that it had reached its peak concentration some 
time before the first hour after oral administra 
tion. After two hours the level dropped and 
continued to do so at the four- and eight-hour 
intervals. For this reason it was deemed neces- 
sary to study the rate of absorption of this drug 
at intervals within one hour. 


iar 
5 
| | 
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The P-tablet was developed to compete satis- 
with other analgetic tablets commer 
This salicylate 
consists of the following ingredients: 
amide, acetylsalicylic 
hydroxide, HCl. 
Many manu 
facturers to increase the rate of absorbing thera- 
peutic It was interesting to 
observe how the P-tablet compared with the 


factorily 


cially available combination 
salicyl- 
acid, caffeine, aluminum 
and thiamine 


combinations have been used by 


tartaric acid, 


salicylate levels. 


others in this respect within the first hour after 
administration. Salicylamide, which this tablet 
has been much attention re 
both because of its analgetic potency 
and its stability in pharmaceutical preparations 
(4-7). The clinical experience of salicylamide 


contains, given 


cently, 


concurred with the experimental observations 
that the drug is well tolerated. Antirheumatic, 
analgetic, and antipyretic effects similar to those 
were (8-10). 
Several chemical manufacturers in the United 
States are now producing salicylamide as a result 


of sodium salicylate observed 


of these promising 

Bufferin® is a Bristol-Myers Company trade 
name for a combination containing 0.324 Gm. 
(5 gr.) of acetylsalicylic acid, aluminum glycinate, 
and magnesium carbonate. It is claimed that 
Bufferin® is absorbed twice as fast as aspirin be- 


reports. 


cause of the antacid ingredients. The amount 
actually in the blood in ten minutes is said to be 
greater than that absorbed from aspirin in twice 
this time. The antacids are also reported to 
protect the stomach from irritation which so 
often occurs when aspirin alone is taken.' 

Anacin® is a Whitehall Pharmacal Company 
trade name for a combination containing 0.19 
Gm. (3 gr.) acetylsalicylic acid, and also caffeine 
and acetophenetidin. 

In this investigation a colorimetric method was 
employed in determining the plasma-salicylate 
levels. This method is rapid, involving only a 
minimum expenditure of time and equipment. 
It is based on the color reaction of acidified 
ferric nitrate with serum or plasma, without the 
removal of proteins or interfering substances. 
It is applicable for use with the photoelectric 
or the Klett type colorimeter, or for visual estima- 
tion. Salicylates, in determination, rep- 
resent the total of salicylic acid plus the meta- 
bolic products of salicylic acid that contain the 
salicyl group (11). 


this 


EXPERIMENTAL 
Reagents.—(a) Hydrated ferric nitrate (Fe 
(NO )3:9H;O), 1% in 0.07 Nnitricacid. Diluted 


1 Taken from a brochure printed by the Bristol-Myers Co., 
630 Fifth Avenue, New York 20, N. Y. 
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ferric nitrate. Dilute the above reagent 5:9 with 
water. (c) Nitric acid, 0.088 N. Dilute 0.07 N 
nitric acid 5:9 with water. Concentrated nitric 
acid (sp. gr. 1.42, 70.5%), 4.69 cc. in water up to 1 L 

produces a solution which is approximately 0.07 N 

Extreme accuracy is not essential in preparing the 
above reagents. The amounts given represent 
the optimum concentrations, but considerable varia- 
tion is permissible. 

Colorimetric Determination of the Plasma- 
Salicylate Levels.—The control of salicylate therapy 
by frequent estimation of the blood level requires a 
simple method suitable for use in a routine clinical 
laboratory (12). The method of Brodie, Uden- 
friend, and Coburn is generally accepted because 
of its accuracy, but is somewhat too laborious for a 
large number of estimations (13). A number of 
other methods are known, but none has found gen- 
eral acceptance. This method is a modification 
of Keller's method (11). It was modified to adapt 
it for use in the Nefluoro-Photometer,? the photo- 
electric colorimeter used in this study. 

Procedure.—({a) In a suitable colorimetric tube, 
add 19.0 cc. of the diluted ferric nitrate reagent to 
1.0 ce. of plasma. In another similar tube, add 
19.0 ce. of 0.038 N nitric acid to 1.0 cc. of plasma. 
With the wavelength set at 525 my adjust the col- 
orimeter to 100% transmission with the acidified 
plasma, then read the color intensity of the reacted 
plasma. It may be read immediately or after 
several hours since the color is relatively stable. 
The salicylate levels may be converted into terms 
of mg. % from a previously prepared graph. 

(6) To prepare the graph, take samples of plasma 
from about 10 untreated rabbits. Repeat the pro- 
cedure outlined above using the samples of plasma. 
The absorbance obtained represents the intensity 
of the color that is formed when acidified ferric nitrate 
reacts with normal plasma and the anticoagulant. 
This average value will automatically be subtracted, 
in terms of mg. %, from the total absorbance ob- 
tained in each determination when it is added to 

each point on the standardization curve. In ome 

of salicylic acid it amounts to about 3.5 mg. % at 
a wavelength of 525 my. Variation of any one 
normal plasma from this average value rarely ex- 
ceeds 1.5 mg. % in terms of salicylic acid 

(c) A stock salicylate solution is made to contain 
1.00 mg. salicylic acid or 1.16 mg. sodium salicylate 
per ce. To eight of the colorimetric tubes, add 
0, 0.02, 0.05, 0.1, 0.2, 0.4, 0.5, 0.6 ce., respectively, 
of the standard solution. Distilled water is added 
to each tube to make 1 cc. of solution. These 
standards represent blood salicylate levels of 0, 2 
5, 10, 20, 40, 50, and 60 mg. %. To each tube 
add 19 ce. of the 1% ferric nitrate solution. Read 
each tube in the colorimeter using the blank tube 
to adjust the transmission to 100%. To each value 
obtained, add the absorbance of the interfering 
color found in the normal plasma plus 0.1 cc. 
heparin sodium. These values are then plotted 
on rectangular graph paper against the correspond- 
ing blood levels and the graph is then ready for use 
(Fig. 1). To prepare a graph for higher levels, use 
a stronger standard solution and proceed in the 
same manner as outlined. 


? Fisher Scientific Company. 
the Fisher Nefluoro-Photometer. 
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70 Randomization.—A strictly objective randomizing 
procedure of administering the drugs is important 
60 if the danger of unconscious purposive selection by 
the investigator is to be avoided. The experiment 
was designed to consist of four series of administra- 
50 tions because four drugs were to be compared. In 
each series nine rabbits were used and each drug 
> ae was administered in the order shown in Table | 
The randomization of the drugs in each series 
any eliminates variations which may be due to changes 
> 20 in the animals themselves if each drug was investi 
7 gated individually. These changes may be due to 
climatic conditions, weight, age, or conditions of 
20 the aminals at the time. The design of this experi- 
ment permits each drug to be administered under 
standardized conditions and gives results which 
pig iin Gm to are more characteristic of a population 
0 
0 10 20 30 10 50 60 TABLE I.—RANDOMIZATION OF DRUGS" 
SALICYLATE CONCENTRATION (mg. %) 
Rabbits 
Fig. 1.—Standardization curve showing correction for Series 2 8 
salicylate-free plasma plus heparin sodium I B A A D ¢ B 
II D B B 
Ill D B D B B C A D 
Experimental Animal.—Female albino rabbits, I\ CDBB eC AAD C 
having an average weight of 2.97 Kg., were used as 
the experimental animal. The animals were kept ae P-tablet, B Bufferin, ( Anacin, D 
on a standard Purina Rabbit Chow diet. The 
drugs were administered while they were in the RESULTS 


post absorptive state (twelve to fourteen hours 
fasting 

Administration.—Oral administration of all the 
drugs investigated was made by means of a stomach 
tube, which consisted of a 418 Fr. rubber catheter 
attached to a glass funnel 
pended in 0.25% sodium alginate rhe funnel 
and tube were carefully rinsed and flushed with a 
stream of distilled water from a_ polyethylene 
water bottle 

All the doses were calculated in terms of salicylate 
equivalents. Sodium salicylate, 0.25 Gm./Kg, 
was used as the standard in our previous work 
(3) and for purposes of uniformity was also used as 
the standard here. In calculating the salicylate 
equivalents of the drugs tested, the per cent salicyl- 
ate in each was determined and the dose was cal- 
culated on the basis of the amount of salicylate in 
0.25 Gm. of the standard 

In obtaining the salicylate equivalent for the P- 
tablet the amount of salicylate in salicylamide was 
not included because it differs in its metabolization 
from other salicylate compounds. The modified 
method of Keller (11) employed in this investiga 
tion determines only salicylic acid or its metabolic 
products (5, 14-17 Crampton and Voss (17 
using the rabbit as an experimental animal state 
that salicylamide is conjugated very rapidly 
and almost completely so that it fails to give the 
ferric-salicyl reaction."’ It is especially noteworthy 
that Mandel, et al. (16), using C'* labeled salicyl- 
amide in humans was not able to detect any metabo- 
lite of salicylic acid. Furthermore, the hydrolysis 
of salicylamide in vitro has been investigated in 
artificial gastric juice (pH 1.1) and artificial pan- 
creatic juice (PH 8.2) and it was reported that 
salicylamide is not appreciably hydrolyzed after 
four hours digestion at 37° (18). However, as 
described later, the influence of salicylamide alone 
on the colorimetric reaction was investigated. 


The drugs were sus 


The plasma-salicylate levels determined 9t the 
specified time intervals are listed in Table II in 
terms of the log 1/7 readings taken from the 
scale of the Fisher Nefluoro-Photometer These 


can easily be translated into mg. ©, salievlate in 


the plasma by referring to the histogram (Fig. 2 
The transposing of the log 1/°,7° figures into mg 
% figures was facilitated by the standardization 


curve (Fig. 1) 
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Fig. 2.—Plasma-salicylate levels over a one-hour 
period, showing the differences in concentrations 
following the administration of (A) the P-Tablet, (B 
Bufferin®, (C) Anacin®, and (D) Aspirin. Each 
bar represents the mean of nine rabbits 


Statistical Analysis..—The four drugs and the 
five time intervals specified were the only variables 
+The authors are indebted to Professor V. L. Anderson 


Statistical Laboratories, Purdue University, for his aid in the 
statistical analysis 
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PLASMA-SALICYLATE LEVELS FOLLOWING ORAL ADMINISTRATION OF THE P-TABLET AND OTHER 


SALICYLATES TO RABBITS 


Minutes P-Tablet Bufferin® Anacin® Aspirin 
5 28.1+3.1° 244.56 +1.3 24.2+2.7 23.3+1.8 
10 33.6 = 2.3 30.7 29.4+2.7 28.2+1.7 
38.4 + 2.0 39.3 41.2 36.1 +1.7 37.3 +1.6 
3.141.8 46. S 41.0+1.8 46.5 +1.6 
60 49.44 1.6 43.4 49.1+1.1 


* Standard error 


of interest in this analysis. The nine rabbits used 
were assumed to be a random sample of rabbits so 
that the results of the experiments would be ap- 
plicable to rabbits of comparable age, weight, and 
physical condition. Hence the tests of significance 
of the effects of the drugs, times, and the interaction 
of drugs and times were those given in Table III. 


Tas_e III.—ANALYSIS OF VARIANCE" 
Dexrees of Estimated 
Source of Freedom Variance 
Variation if s? F-test 
Rabbits 
(random) 98.49 
Drugs (within 
samples) 3 107.06 0.61 
R X D (between 
samples 24 175.37 
Time (within 
samples 4 098 77 $23.80 
T X R(between 
samples 32 9 57 
12 $4.44 2.98 
Total 179 


* Dixon, W. J., and Massey, F. J., “Introduction to 
Statistical Analysis McGraw-Hill Book Company, Inc 
New York, 1951, p. 119 
The variables used in this analysis were the log 1 
in Table I. 


values 


The description of the individual F-tests follow: 


drugs (s?) 107.06 
= 
Fo.n = 4.72, with df, = 3, and df, = 24. 
time (s*) 3098 .77 
2: = = = 323.80 
T X R (s*) 9.57 
Fo.n = 3.97, with df, = 4, and df. = 32. 
T s? 


T XD X R(s*) 11.57 
Fo.m = 2.37, with df, = 12, and df. = 96. 


Because the values of F; and F; are greater than 
their respective Foo values,‘ these F-tests were 
both significant at the 1% level. There is, there- 
fore, statistical evidence for real treatment effects of 
this investigation with times, and the interaction 
of drugs and times, but not with drugs. 

Although the analysis of variance was intended 
to show significant differences between the plasma- 


‘ Appendix, Table 7c; Dixon, W. J., and Massey, F. J, 
McGraw-Hill 


Ir., “Introduction to Statistical Analysis,” 
Book Company, Ine : 


New York, 1951. p. 312 


salicylate levels of drugs, of time, and of the inter- 
action of time with drugs as entities, it does not 
show small differences between means to be signifi- 
cant. The higher variability between means only 
are obviated. 

Since there was a significant interaction of drugs 
with time and there was reason to believe that the 
P-tablet yields a relatively high plasma-salicylate 
level very rapidly, a significance test for linear con- 
trasts among any number of means (19) was in- 
cluded in the analysis of these data. It should be 
remembered that if this test is to be valid, it should 
be planned before the accumulation of data. The 
contrast (C) is: C = A (5, 10) vs. B, C, D (5, 10), 
according to Table IV, and C is calculated by the 
following formula: 


+f, 


2 6 


Taste IV.—Tue Means or THE Four Drucs 
COMPARED AT FIVE AND TEN MINUTES 

= — = 3 

Mean at 10 Min 


Drug Mean at 5 Min 
(A) P-tablet Y, = 28.1 = 33.6 
(B) Bufferin® Y; = 24.5 Y, = 30.7 
(C) Anacin® Y, = 24.2 29.4 
(D) Aspirin Y; = 23.3 Y, = 28.2 
C = 4.18 
Sum of squares of (C) = 
(C)? (4.13)? 


The error mean square appropriate for testing this 
contrast is (20): 


Sy? = [5 (175.37) + (9.57) + (il 57) | 
= 4.87, (dfs = 39) 
Therefore: 
25.56 
Fi, 39 = = 5.25 
and, 


39 = 4.09 


Since = 5.25 is greater than the 1.39 
value there is statistical evidence at the 0.05 level 
that the P-tablet yields a higher plasma-salicylate 
level, at the end of five and ten minutes, than do 
the other three drugs with which it was compared. 
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TABLE V.—STANDARD ERROR FOR ANY OF THE 20 4 to5mg. % salicylate ion (2). Levels below 5 mg 
MEANS % should be considered unreliable. All the drugs 
‘ in this investigation gave levels far exceeding this 
Mean 
Source of Squares range 
Variation Expected Mean Squares (20 (MS 
Rabbits (jk) + 20e7R 98 49 SUMMARY 
Drugs a? + 5Se*RD + 450(D) 
RxD o? + 5e?RD 175.37 
Tine (#) + + 360(T) A _ne analgetic tablet has been com 
TXR o2+462TR 9.57 pared with aspirin and two other well known 
+ + 90@(TD) analgetic tablets. 
2. The influence of the various components 
@ Assume o?TDR = 0 of each tablet on the rate of absorption has, in 
effect, been compared to the rate of absorption 
l of aspirin alone. 
9 3. The plasma-salicylate concentrations have 
l 1 1 ie been determined colorimetrically and evaluatec 
9 \20msR 0 by some new significance tests for multiple con 


msTDR) 
5.35 


and S. E = V5.35 = 2.31, assuming homogeneity 
of variance 

Additional experiments were performed on five 
rabbits in order to determine the influence of salicyl 
amide, in the amount found in the P-tablet, on the 
log 1/%T of plasma. At the five- and ten-minute 
intervals the salicylamide accounted for 1.36 + 
0.30 and 3.54 + 1.14 log 1/%T, respectively, after 
correction for plasma alone. These figures indicate 
that the significantly higher plasma levels found 
with the P-tablet cannot be explained totally on the 
basis of salicylamide present in the plasma. 


DISCUSSION 


The term “linear contrast’’ used in the “‘Signifi- 
cance Test for Linear Contrasts Among Any Num 
ber of Means,” is defined as any combination of the 
form: 


C = SciYi, where the cj are given numbers satis 


fying the restriction Sc; = 0. For example: 
= > 
) = = (+1)) 1+ 


is a linear contrast 

The anticoagulant chosen for all experiments was 
0.1 ce. heparin sodium solution. The absorbances 
of the solutions containing the anticoagulant are 
decreased. It must be remembered that if the 
true plasma-salicylate concentrations are desired, 
the effect of the anticoagulant should be considered 

The conformity to Beer's law of various concentra- 
tions should be contemplated in any colorimetric 
study. Significant deviations were found at lower 
concentrations involving a range of approximately 


trasts in the analysis of variance. 

t. These tests show that significantly higher 
plasma-salicylate levels are obtained from the 
P-tablet than from Bufferin”, Anacin", or aspirin 
at five and ten minutes after administration. 

5. The higher plasma-salicylate levels found 
with the P-tablet cannot be totally explained 
on the basis of the salicylamide present in the 
plasma. 
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The Antacid Effect of Dihydroxyaluminum Sodium 
Carbonate (DASC) as Determined in the 
Gastric-Fistula-Dog* 


By JOS. W. E. HARRISSON and E. W. PACKMAN 


The antiulcer effect of DASC has previously been described by the authors using 


histamine-induced ulceration of guinea pigs as the criterion. 


These phenomena are 


believed to be due to the increased gastric acid secretion produced by the histamine, 
therefore, the mechanism of the antiulcer activity of DASC was presumed to be due 


in part to the antacid effect. 


Further studies of this compound as an antacid have 


been undertaken by investigating the effect of dihydroxyaluminum sodium car- 
bonate on the gastric-fistula-dog. 


W* HAVE REPORTED in a previous study (1) 

that dihydroxyaluminum sodium carbonate 
(DASC) reduced the incidence of subacute gas 
tric ulcers, in guinea pigs, induced by the intra- 
muscular injection of depot histamine. 

The ulceration produced by the Hay (2) guinea 
pig procedure may be due, for the most part, to 
the elaboration of a highly acid gastric jmice, 
therefore any antiulcer effect exhibited by DASC 
may in measure be due to its antacid value. 

Grote, Holbert, and Fox (3) using an in vitro 
procedure demonstrated that DASC produces 
rapid neutralization of acid to a pH of approx- 
imately 4 and maintains a pH above 3 for several 
hours. These authors have shown that 
DASC is tolerated in large doses by experimental 
animals without apparent systemic toxicity. 

It was therefore, our purpose to determine 
whether or not the neutralizing or antacid effect 
of DASC in vivo parallels the excellent results ob- 
tained in vitro. 


also 


METHODS 


Six mongrel dogs weighing 9 to 12 Kg. prepared 
with Pavlov gastric-fistulas were employed. 

A spool-shaped polyethylene cannula of our 
design with a fixed and a movable flange was 
inserted through the abdominal wall into the stom- 
ach so that only the fixed or lower flange was within 
the stomach, The cannula was retained within the 
stomach by a purse-string suture. The omentum 
was wrapped about the cannula before leading it 
through the abdominal! wall to aid the healing proc- 
esses. The movable flange remained on the outside 
of the body so that the actual length of the cannula 
could be increased or decreased by merely altering 
the position of the movable flange. This permits the 
stomach to anchor itself to the peritoneum without 
the aid of sutures. 

* Received May 5, 1955, from the LaWall and Harrisson 
Research Laboratories, Philadelphia 3, Pa 

Presented to the Scientific Section, A. 
Beach meeting, May 1955 

A study made under a research grant by the American 


New York, which we acknowledge as well as the 
Director of Re 


Pu. A., Miami 


Chicle Co., 
enthusiastic support of Dr. Robert Heggie, 
search 
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The sampling end of the tubular portion of the 
polyethylene cannula was threaded, permitting a 
polyethylene cap to be screwed into place, thus clos- 
ing the cannula. When obtaining gastric samples 
the cap is replaced by a plastic receiving tube which 
has a screw-top. 

Food was withheld eighteen hours before each 
experiment, at which time normal gastric secretion 
is scanty. 

The experiments were scheduled so that each dog 
was his own control. Animals were used but once 
per week, since some gastric irritation was ob- 
served from too frequent administrations of hista- 
mine. On one day a dog would be given histamine 
followed by DASC and one week later he received 
only an injection of histamine. 

Stimulation of Gastric Acid Secretion.—Acid 
secretion was stimulated by the subcutaneous in- 
jection of 0.5 mg. histamine diphosphate/Kg. in 
aqueous solution, or by oral ingestion of 100 ml. of 
liver broth. This was prepared by macerating ap- 
proximately 100 Gm. of chopped liver with 250 ml. 
of boiling water for one hour and subsequently 
straining through gauze. 

Sampling of Gastric Secretions.—A control 
sample of gastric juice was taken five minutes after 
the injection of histamine diphosphate. This was 
considered as zero time. Immediately after this 
sampling 1 Gm. of DASC ina 5-ml. aqueous sus- 
pension was introduced into the stomach via the 
fistula. Gastric juice was sampled fifteen minutes 
after administration of DASC and every fifteen 
minutes thereafter over a seventy-five-minute period. 
The quantity of juice removed at each sampling 
was approximately 3 ml. Free and total acidities 
were determined by titration with 0.1 NV NaOH 
using bromophenol blue and phenol red as indica- 
tors. pH measurements were made on a Beckman 
pH meter. 

When liver broth was administered to stimulate 
gastric secretion, the control sample was collected 
sixty minutes after ingestion. This was considered 
to be zero time. Immediately thereafter 1 Gm. of 
DASC in a 5-ml. aqueous suspension was adminis- 
tered via the fistula. Subsequent sampling was 
identical with that previously described. 


RESULTS 


Histamine-Induced Gastric Secretion.—Di- 
hydroxyaluminum sodium carbonate greatly re- 
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duces the free and total acid content of gastric juice 
for approximately sixty minutes (Table I and Fig. 1) 


Gastric Actp SECRETION INDUCED BY 
HISTAMINE 


TABLE I 


Free Acidity 
ml. 0.1 V NaOH 
per 100 ml. of 
Gastric Juice 
Dox 
No. 33 


10 


Control run, histamine only 
Test run, histamine followed by 1 Gm. DASC 
immediately after initial sampling of gastric juice 


GASTRIC 
2 
> 


Mi 


MISTAMINE CONTROL 
DASC TREATED 
HISTAMINE CONTROL 
pas TREATED 


PER 


~ 


x 
g 
z 
z 
° 
2 


TIME IN MINUTES 


Effect of DASC on histamine-induced 
gastric acid secretion 


The free acidity is reduced to practically zero 
after DASC administration and remains at a very 
low level for forty minutes or more. There is a 
tendency for the free acid concentration to increase 
at forty-five to sixty minutes after DASC adminis- 
tration. Representative data are presented 

The pH values of the samples obtained from dogs 
receiving DASC varied between 2.6 and 3.6 for the 
full seventy-five-minute observation period. Dur- 
ing this same time period, the pH of samples ob- 
tained from dogs that received only histamine varied 
between 1.4 and 2.5. Representative data are 
presented (Fig. 2) 

Liver Broth-Induced Gastric Secretion.—The 
concentration of gastric acid which is liberated by the 
administration of liver broth is less than that pro- 
duced with histamine. DASC reduces the free and 
total acid content of gastric juice for approximately 
seventy-five minutes (Table II and Fig. 3) 

The free acidity is reduced after DASC adminis- 
tration and remains near zero throughout the 
seventy-five-minute observation period. The free 
acid concentration did not increase once it had 
reached the low level. Representative data are 
presented. 


XLV, No. 1 


HISTAMINE CONTROL 
DASC TREATED 
HISTAMINE CONTROL 
TREATED 


60 
Effect of DASC on pH of histamine-induced 
gastric acid secretion. 


Fig. 2 


Gastric Acip SECRETION INDUCED BY 
Liver Brorn 


Tasie Il 


Free Acidity 
ml. 0.1 V NaOH 
per 100 ml 
Gastric Juice) 


mie“ Control run, liver broth only 

6D = Test run. Liver broth followed by 1 Gm. DASC 
given immediately after initial sampling of gastric juice 

Insufficient sample 


LIVER BROTH CONTROL 
TREATED 
LIVER BROTH CONTROL 
DASC TREATED 


100 mi GASTRIC 


mis oiw NaOH 


Fig. 3.—Effect of DASC on liver broth-induced 
gastric acid secretion 


The pH values of the samples obtained from dogs 
receiving DASC varied between 2.6 and 3.3 for the 
full seventy-five-minute observation period. Dur- 
ing the same time period the pH of samples ob- 
tained from dogs that received only liver-broth 
varied between 1.6 and 2.4. Representative data 
are presented (Fig. 4). 
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LIVER BROTH CONTROL 
DASC TREATED 
LIVER BROTH CONTROL 
TREATED 


30 “5 60 75 
TIME IN 
Effect of DASC on pH of liver broth- 
induced gastric acid secretion. 


Fig. 4 


DISCUSSION 


The simple Pavlov gastric-fistula-dog (4) is an 
ideal preparation for studying the neutralizing effect 
of an antacid. In this preparation we have used 
two methods of stimulating gastric secretion. 

Histamine stimulates the production of gastric 
acid for The duration of this in- 
creased secretion cannot be easily controlled, there- 
fore the increase in free acid concentration of the 
gastric minutes after DASC 
administration due in part to continued 
outpouring of acid induced by histamine and partly 
to the decreased emptying time of the stomach re- 
sulting from the secretion of excessive acid It is, 
therefore, the impression of the authors that a true 
picture of the antacid effect of any compound cannot 
be obtained when the gastric acid secretion is stimu- 
lated by histamine 

For this reason we chose a second stimulator of 
gastric secretions, namely, liver broth. The authors 
feel that the use of liver broth more closely approxi- 
mates the conditions resulting from ingestion of food. 
Unlike histamine, liver broth stimulates gastric 


several hours 


juice observed sixty 


may be 
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secretion by two mechanisms: first, a psychic or 
neuro mechanism produced by the odor and taste 
of the broth, and secondly, by a direct action on the 
cells of the gastric mucosa. In addition, the gastric 
secretion is stimulated on/y as long as the broth is 
being “‘digested,’’ therefore, an antacid may exert 
its effect upon the excessive acid in the stomach 
and when emptying of the stomach occurs, its 
job is completed. 

The pH of the gastric juice samples after DASC 
administration hovers around 3 for at least seventy- 
five minutes which was the length of our experi- 
mental observation period regardless of the method 
of stimulating gastric acid secretion. It is, there- 
fore, apparent that the antacid effect of DASC is 
sufficient to prevent the free acid content of gastric 
secretion from reaching a concentration where it 
may play an important role in ulcer formation, yet 
the PH remains on the acid side, thus not interfering 
with other gastrointestinal functions. 


CONCLUSIONS 


1. Dihydroxyaluminum sodium carbonate 
(DASC) produces a marked neutralization of the 
free acid content of gastric juice in the gastric- 
fistula-dog. 

2. The neutralizing effect of DASC is effective 
against the gastric secretion stimulated either by 
subcutaneous administration of histamine or by 
oral ingestion of liver broth. 

3. The pH of gastric juice after administration 
of DASC remains about 3 throughout the experi- 
mental observation period. 
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A Method of Synthesizing C'* Carboxyl 
Acetylsalicylic Acid* 


By WILBUR R. BORST and JOHN E. CHRISTIAN 


The historical Kolbe synthesis of aromatic hydroxy acids with Schmitt's modification 

for synthesizing the salicylic acid from sodium phenolate and carbon dioxide at 

110-140° and high pressure was used in this method of synthesizing the C'* carboxyl 
salicylic acid followed by acetylization to C'4 carboxyl acetylsalicylic acid. 


T ‘HE ORIGINAL METHOD of producing salicylic 
acid from sodium phenolate was discovered 


* Received May 5, 1955, from the Bionucleonics Labora 
tory, School of Pharmacy, Purdue University, Lafayette, Ind 

Presented to the Scientific Section, A. Pu. A Miami 
Beach Meeting May 1955 


in 1875 by H. Kolbe (1) by direct interaction of 
gaseous carbon dioxide with dry sodium pheno- 
late. Better vields were obtained by Schmitt's 
(2) improvement in the process by performing 
this interaction at higher pressure and lower 
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reaction temperature. Today the industrial 


process (3) uses a temperature of 110-130°, and 


5- atmospheres pressure for synthesizing sali- 
evlic acid. 

Mandel and Smith (4) and Schaver (5) have 
reported the synthesis of C'* carboxyl salicylic 
Schaver states that he synthesized C"™ 
carboxyl salicylic acid from radioactive carbon 


acid. 


dioxide and sodium phenolate, however, no de- 
tails of this synthesis are given. Since attempts 
to use the method as described by Mandel and 
Smith in 


acid were unsuccessful, a modification of Schmitt's 


synthesizing carboxyl salicylic 
method was devised for use in this work. 

A modification of the method of Richter (6) 
was used to produce pure C' carboxyl acetyl- 
salicylic acid by acetylization of the C™ carboxyl 
salicylic acid. 


METHOD 


Method for Synthesizing C'‘ Carboxyl Salicylic 
Acid.—Dry sodium phenolate was prepared by the 
method of Mandel and Smith (4). A 2.5-Gm. por 
tion of the dry sodium phenolate was placed in the 
reaction tube F (Fig. 1) which is half full with glass 
beads in order to increase the surface area and to 
facilitate complete mixing and interaction of the 
reactants. A vacuum-type stopcock, 3, was sealed 
onto the tube. The tube was evacuated by means 
of a vacuum pump to 5 mm. Hg and the stopeock 
closed. 

The tube 
tempc rature 


was inserted into a Carius furnace, 
140°, and heated at this temperature 


Fig. 1. 
C, Anhydrone tube; D, vapor trap; 
nitrogen bath; H, Ascarite tube 
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for three hours. Then the tube was removed from 
the furnace and allowed to cool to room temperature 
with stopcock 3 opened to a vacuum at 5 mm. Hg 
pressure being continuously applied by means of a 
vacuum pump. When cool, the tube was attached 
to the T-tube of the reaction-train, as shown in Fig 
1, by means of a short piece of vacuum tubing. 

A total of 860 mg. of barium carbonate containing 
3 millicuries of radioactive C' was placed in flask 
B in as compact a mass as possible. The surface 
of the barium carbonate mass was covered with one 
ml. of light mineral oil by adding the mineral oil 
from a pipet. The mineral oil acts as a moderator 
of the barium carbonate-sulfuric acid reaction and 
prevents the generated carbon dioxide from entrain 
ing solid barium carbonate particles over into the 
reaction-train system. 

Flask B was attached to the reaction-train system 
and alternately evacuated to 5 mm. Hg and flushed 
with nitrogen gas several times to remove at- 
mospheric air and moisture. The system was fin- 
ally evacuated to 5 mm. Hg, the vapor-trap D 
cooled to —30° by an acetone dry ice bath and the 
reaction tube F cooled in a bath of liquid nitrogen 

To generate the carbon dioxide, 15 ml. of concen 
trated sulfuric acid a steady rate 
through dropping funnel A onto the barium car 
bonate. Alternate moderate warming and shaking 
of the carbon dioxide generating flask was done until 
all the evolution of carbon dioxide was complete 
and a clear liquid resulted. The generated carbon 
dioxide was flushed through the system with a stream 
of nitrogen gas 

After all the carbon dioxide had been solidified 
in the reaction tube, the stopcock 3 of the reaction 
tube was closed and sealed with a Hamilton stop- 
cock adaptor 

The sealed reaction tube was removed from the 


was added at 


Carbonation apparatus consisting of: A, dropping funnel; B, 250-ml. Erlenmyer side-arm flask 
E, acetone dry ice bath; 


F, reaction tube (80 ml. vol.); G, liquid 
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reaction-train system and allowed to warm up to 
room temperature while shaking the contents on a 
shaking apparatus for one hour. The tube was 
then placed in a Carius furnace at 140° for three 
hours. The contents were mixed by rotating and 
shaking the tube at half-hour intervals. 

The reaction tube, while still in the furnace, was 
connected with pressure tubing to a cylinder of car- 
bon dioxide equipped with a Holke pressure gauge. 
The pressure in the external tubing system was 
brought to 5 atm. and stopcock 3 on the reaction 
tube was opened. The pressure was again brought 
to 5 atm. and stopeock 3 closed. This latter pro- 
cedure to give 5 atm. pressure was repeated during 
the next three hours at hourly intervals, mixing the 
contents each time. The reaction was allowed to 
continue at 140° for sixteen hours. 

After the completion of the reaction, the tube was 
removed from the Carius furnace and cooled to room 
temperature. All the gas was removed from the 
tube by drawing it through an absorption train by 
suction. The absorption train consisted of two 
absorption flasks containing a saturated solution of 
barium hydroxide with a trap between the first 
absorption tube and the reaction tube. A T-tube 
with a stopcock situated between the absorption 
tube and trap facilitated bringing the system to 
atmospheric pressure following the complete ab- 
sorption of the gas in the reaction tube 

The reaction product was dissolved in the reac 
tion tube by means of four 20-ml. portions of dis- 
tilled water. The combined solutions were filtered 
and the residue washed by two 10-ml. portions of 
distilled water. 

The salicylic acid was precipitated by adding an 
excess of concentrated hydrochloric acid and the 
mixture cooled to 10°. The crystals were collected 
by filtration and washed with four 5-ml. portions of 
ice-cold distilled water 

The crystals were recrystallized from boiling water 
using Norite™ as a decolorizing agent. A yield of 
621.4 mg. salicylic acid was obtained. A melting 
point of 159-160° was obtained for unlabeled sali- 
eylic acid made by an identical procedure 

Additional salicylic acid was obtained by making 
the combined filtrates alkaline to litmus paper by 
means of a saturated sodium bicarbonate solution. 
This alkaline solution was evaporated on a steam 
bath, cooled, and acidified with an excess of con- 
centrated hydrochloric acid. The acidified mixture 
was dried at 50° and vacuum sublimed. A yield 
of 215.1 mg. of sublimate was obtained. A total 
vield of 836.5 mg. or 28.8% of theory, of salicylic 
acid was obtained 

In Table I are given the radioactivity data for the 
synthesized salicylic acid and other reaction prod- 
ucts obtained from the synthesis 


TABLE I 


Material 
Salicylic acid 
p-Hydroxy benzoic acid 
Residual C'*O, from reaction tube 
Norite® residue 
Sublimation residue 
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Method of Preparation of C'* Carboxyl Acetyl- 
salicylic Acid from C'* Carboxy Salicylic Acid.— 
Labeled salicylic acid was diluted with unlabeled 
salicylic acid so that 1 mg. of the acetylated sali- 
eylic acid would have a specific activity of about 
0.5 pe/mg. 

The salicylic acid was acetylated and recrystal- 
lized by a modification of the method by Richter (6) 
giving a yield of 669 mg. or 51.5% of theory, of 
acetylsalicylic acid with a specific activity of 0.45 
uc./mg. of C™ carboxyl acetylsalicylic acid. 

Recovery of the labeled acetylsalicylic acid as 
salicylic acid was done by making the combined 
filtrates alkaline with an excess of a saturated solu- 
tion of sodium bicarbonate. The alkaline solution 
was heated on the steam bath for two hours to hy- 
drolyze the acetylsalicylic acid to salicylic acid. 
The liquid was made alkaline, if necessary, to litmus 
paper with a saturated sodium bicarbonate solution 
and evaporated on a steam bath, cooled, and acidified 
with an excess of concentrated hydrochloric acid. 
The acidified mixture was dried at 50° and vacuum 
sublimed. A yield of 325 mg. of salicylie acid, or 
30.7% of the theoretical yield of acetylsalicylic acid. 
The recovered salicylic acid had a specific activity 
of 0.59 pe. /mg. 

Criteria of Radiochemical Purity..—Paper chroma- 
tography using the solvent system of Bray (7), 
benzene glacial acetic acid—water in the ratio 4: 4:2, 
was used to establish the purity of the synthesized 
acetylsalicylic acid. Autoradiographs of the chro- 
matograms were used for identifying the individual 
C'*-labeled compounds (8). 

Four hours developing time of chromatograms 
containing individual spots of known salicylic acid, 
p-hydroxy benzoic acid, p-acetoxy benzoic acid, and 
acetylsalicylic acid resulted in Ry values of 0.71, 
0.34, 0.77, and 0.70, respectively. 

It was found more satisfactory in order to ac- 
complish a suitable separation of the individual 
spots of these compounds to allow the solvent de- 
velopment of the chromatograms to continue for 
sixteen hours. Since the benzene moved fairly 
rapidly and overflowed the paper, the Ry values 
over this period of time could not be computed. 

The autoradiographs of the chromatograms 
showed that no p-hydroxy benzoic acid nor p-acetoxy 
benzoic acid were present. In addition, purity from 
free salicylic acid was established by the U. S. P. 
test (9) for free salicylic acid in acetylsalicylic acid. 


SUMMARY 


A method is described for the synthesis of C'™ 
carboxyl acetylsalicylic acid through a modifica- 


RADIOACTIVITY DATA FOR SALICYLIC ACID AND OTHER REACTION PRODUCTS OF THE SYNTHESIS 


Total 
Radioactivity, 
or. 

o 


Total 
Radioactivity 
Sp. Act. we. /mg 
1.56 1306 43. 
2.035 83.6 2 
0.32 0 
0.087 17.4 0. 
0.00398 43. 


Wt. (mg.) 
836.5 ) 
41.2 Ss 

3.5 O4 
200 6 
7.5 X 108 4 
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tion of the Kolbe-Schmitt synthesis of salicylic 
acid 

Of the total radioactivity obtained in the svn- 
thesis of labeled salicylic acid, 9) per cent was 
oS per cent p-hydroxy 
and 4.2. per loss in the 
yield of 28.8 per cent of 
salicvlic acid was obtained by this method. 

Of the total 
acetvlization of 
per cent of C™ carboxyl acetylsalicylic acid and 
30.7% of the acetylsalicvlic acid 
recovered as C' carboxy! salicylic acid. 


salicylic acid, benzoic 


acid cent processing 


residues. A chemical 
the 
the labeled salicylic acid, 51.5 


radioactivity obtained in 


Radiochemical and chemical purity was es- 
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tablished by a comifination of chromatography, 
autoradiography, and chemical test. 
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Liver Injection*® 


By P. J. VanMELLE 


A method of determining vitamin B,,; in liver injection is described. A finely divided 

carboxylic cation exchange resin, suitably prepared, exhibits a high capacity for ad- 

sorbing cyanocobalamin from impure mixtures passed through small columns. A 

unique sequence of solvent washes effects removal of impurities without loss of vita- 

min B,.; this is followed by elution of purified vitamin in small volume and its spectro- 
photometric measurement. 


Ame SIMPLE, vet reliable and reproducible 
method has been used in this laboratory for 
more than a year to assay vitamin By in various 
products, chiefly in parenteral liver products. 
Results obtained are in 
the official U microbiological method using 


Lactobacillus leichmannii, 


excellent agreement with 
but are obtained more 
rapidly and with much greater precision 

The method utilizes a column chromatographic 
technique, whereby the vitamin is quantitatively 
separated on the column, 
eluted spectrophotometrically. 
Before it is passed through the column, the sample 
is treated with cyanide 


then quantitatively 
and measured 
, if necessary, to convert 
Bi» and other active analogs to cvanocobalamin 
(1-4). We prefer to cyanate at pH 7.5 at room 
temperature for three or more hours rather than 
at pH 4.5 with heat and nitrite ion. The latter 
procedure (2,4), causes darkening of pigment im 
purities. The eluate is sufficiently pure, in some 


* Received October 6, 1955 
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from the Armour Laboratories, 


cases, to measure by direct spectrophotometric 
However, we routinely 


eluate into two portions, forming 


absorption. divide the 
the dicvanide 
complex in one portion and reading the increase in 
absorbance over the second portion in the 580 my 
region. The latter procedure is a modification 
of the measurement Rudkin and 


Tavlor (1) 


described by 


The method offers several advantages over 
chemical methods heretofore published. One may 
use a sample containing as little as 125-150 yg 
of vitamin By; no recovery factor (5) is required 
since all vitamin B,,. taken is found in the eluate; 
no extraction factor is required because there is 
no transfer of the vitamin between solvent phases; 
columns may be used several times before re 
packing 

For relatively high potency preparations, such 
as 10 or 20 ug. liver injections or liver injection 
fortified with added 
about 11 x 300 mm. are 
depth of about 100 mm. 


made from 


cyanocobalamin, columns 


used, with a resin bed 

These are conveniently 
50-ml, Cruder 
preparations such as 2 yg. liver injection utilize a 
bed of similar height but require a column about 


cut-down burets. 


| | 
| 
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25 mm. in diameter. Preparations having a 
ratio of more than 100-mg. solids per ug. of vita- 
min By cannot be assayed by this method without 
generally resorting to some preliminary purifica 
tion. Alternative methods of assay such as the 
radioactive tracer technique would probably be 
more applicable with the impure preparations 
(4). 

The resin used is prepared from Amberlite® 
XE-97 (Rohm and Haas), a carboxylic type cat 
The 
cation exchanger to adsorb vitamin By has been 


ion exchange resin. use of a carboxvlic 
demonstrated by W. Shive (6) who used Amber 
lite® IRC-50 to 


fermentation broths. 


concentrate the vitamin from 
rhe retentive power of this 
resin (beads of about 30 mesh) is much too low to 
permit a quantitative isolation and purification 
procedure for small laboratory size samples. 
A finely divided analogous resin (Amberlite XE- 
97) has sufficient capacity, but must be classified 
by wet screening to 100-150 mesh (wet size) to 
avoid prohibitively slow flow rates and turbid 
effluents. When so prepared, and purified by 
regenerating with sodium hydroxide and returned 
to the hvdrogen form with a citrate buffer system 
at pH 4, the resin may be used in small columns 
for assay purposes. The use of citrate brings 
the resin to a pure white color, apparently by 
complexing residual traces of iron and copper, 
and provides a perfect background for visual 
following of the progress of the chromatogram. 
The resin as used is capable of adsorbing many 
other substances, including pigments usually 
present with vitamin By, as in liver injection. 
These substances are held less securely, however, 
permitting progressive elution of the impurities 
while retaining the vitamin By. The sample, 
adjusted to pH 4, is passed through the resin at a 


rate of about 2 ml. per minute and followed by: 


(a) Diluted buffer, which completes the trans- 
fer and washes down the column walls. 

(b) 0.1 N HCI, which removes a small band of 
colored impurities. 

(c) SS per cent acetone, which elutes a heavy 
band of colored impurities. 

(d) 0.1 N HCI, which completes the removal 
of colored impurities. 

The column walls and the top retaining pledget 
are dried between steps (5), (c), and (d) to prevent 
admixture of acetone with acid, which would ex- 
tend the area of adsorbed vitamin by partial 
eluting action. A quantitative retention is evi- 
denced visually by an area of perfectly white resin 
below the pink area of adsorbed vitamin. The 
vitamin By is then eluted from the column with a 
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solution of 60 per cent dioxane which is 0.1 N 
with respect to HCl. The vitamin is eluted in a 
narrow red band with practically no tailing, so 
that even from the 25-mm. i. d. columns the eluate 
may be received into a 10-ml. volumetric flask. 
The eluate is received into a flask containing a 
small amount of 0.1 N HCl such as 3.5 ml., or 
the column may be marked at a predetermined 
point so that 4 ml. of 0.1 NV acid precedes the collec- 
tion of actual eluting solution. This gives a 
concentration of dioxane of about 36 per cent in 
the total eluate. We used this figure, which is 
admittedly arbitrary, to establish our absorption 
values, because the spectrum of vitamin By is 
not precisely the same in the organic system as it 
is in water alone. Two 4-ml. aliquots of the elu 
ate are pipetted into 25-ml. Erlenmeyer flasks. 
To one flask is added 1 ml. of 10 per cent KCN 
solution and to the other 1 ml. of an alkaline 
buffer which yields the same pH as the cyanated 
sample. This precaution nullifies a possible ef- 
fect due to pH difference in the absorption values 
of traces of colored impurities which may still 
remain. This procedure would not be applicable 
in the method described by Rudnik and Taylor 
(1) because of the presence of residual free cyanide 
After twenty to 
thirty minutes the samples are read in the Beck 
man DU, in l-cm. cells, at a wavelength of 578 
mu. 


in their samples at this point. 


The normal buffered sample is used as a 
zero density reference and the dicyanide complex 
Care must be taken that the 
KCN and buffer solutions are perfectly colorless, 


read against it. 


else each portion of the sample must be read 
against its reagent blank and the difference cal- 


culated. The difference in absorbance at 578 


30 


ABSOR BANCE 


10 


320 360 400 440 480 520 560 600 
WAVELENGTH IN MILLIMICRONS 


Fig. 1.—-Liver eluate. 


at 


my in this solvent system was found to be: E}¢, 
= 60. This figure is definitely higher than it 
would be in water solutions at this wavelength. 
The extinction coefficient should be accurately 
determined for the instrument used by measure- 
ments of knowa amounts of pure cvanocobalamin 
in the eluting system. 

Figure 1 shows a general curve for a typical 
eluate from a sample of liver injection. Figure 
2 compares the curves of normal cyanocobalamin 
and its dicyanide complex from the same sample. 
The spectra cross at the same points as those of 
pure cyanocobalamin both in water and in water 
dioxane. In Fig. 3, a comparison of vitamin By 
spectra in water and water-dioxane shows the 
shape of the curves to be identical, but the mag 
nitude of absorption readings to be slightly en 
hanced by dioxane through most of the spectrum 
and very slightly depressed above 560 mu. 
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Fig. 2.—-Liver eluate. 

buffered cyanocobalamin 
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A, Dicyanide complex, B, 
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Table I shows the recovery from pure vitamin 
By solutions processed by the above column 
method, using the absorbance difference at 578 
mu, EM = 60. It is not normally possible to 
measure accurately the quantitative recovery of 
added vitamin By to liver solutions by the dif 
ference between total vitamin and that occurring 
However, samples of liver 
yield 


in the liver alone. 
fortified 
assays agreeing with the microbiological method. 


injection with cyanocobalamin 


TABLE I.—RECOVERY OF CYANOCOBALAMIN 
TurovuGu CoLUMN OPERATIONS 


Crystalline Average 

Be Added Recovery Minimum Maximum 
S), ug ue 
10) 7 101.1 
300 207 0) 302 8 


Table IL shows assay results for 2-, 10-. and 
20-ug. liver injections and for fortified liver 
specialties, comparing the chemical method and 
the Lactobacillus leichmannii method of U. S. P. 
XIV, Third Supplement 


lent in all cases. 


Agreement is excel 


COMPARISON OF CHEMICAL AND 
MICROBIOLOGICAL ASSAY 


TABLE II 


ml 
Lactobacillu 
Sample Chemical leichmannii 
M4294 26.4 27.0 
M4560 36.6 37.4 
M6100 14.5 14.6 
M6317 77.6 76.3 
M6481 12.6 12.5 
M6602 261 25.7 
M6737 25.7 25 6 
M7256 15.8 15.8 
M7307 25.9 25.3 
P538 74.2 76.0 
P148 2.6 
> 6 2 6 
P552 2 3 
P1095 3.2 
P1307 3.3 
P1330 3.1 3.2 
NOL75 26.1 26.1 
NOGOS 27.1 27.3 
N1218 72 6 73.2 
3N1127 71.9 70.7 
N1IS40 34.1 33.6 
N1921 26.8 26.7 
N1952 35.0 35.3 
N2677 28.9 29.2 
House Standard” 26.7 26.6 


“ This sample was assayed 24 times chemically and 14 
times microbiologically 


We also use the chemical method for determin 
ing compatability of liver solutions with vitamin 
By. Samples tested before and after heating at 
100° for four hours show potency drops, if any, 
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of the same magnitude as shown by the microbio- 
logical method. Even old and badly degraded 
samples yield chemical assays of residual potency 
comparable to the microbiological assay. 

It should be noted that samples of fortified liver 
containing added folic acid should be pretreated 
by dilution with a measured volume of citric 
acid solution to a pH below 4, and centrifuged. 
A volume aliquot of the supernatant is then used 
for assay. Substances that form stubborn pro- 
tein-type bonds with vitamin By such as gelatin, 
intrinsic factor, etc., may be eliminated as inter- 
ferences with the chemical adsorption of the vi 
tamin on XE-97 by including a proteolytic hy 
drolysis with the cyanating pretreatment. 


PROCEDURE 


Equipment.—-Beckman DU spectrophotometer or 
its equivalent l-cm. matched cells (Silica, Corex, 
or Pyrex) for above. Columns 11 x 300 mm. or 
25 x 300 mm. with stopcocks 

Reagents.—All C. P. or Reagent Grade sodium 
hydroxide, hydrochloric acid, potassium cyanide, 
citric acid, soditim citrate, acetone (diluted with 
water to 85% by volume), p-dioxane, boric acid, 
glass wool, Pyrex, and Amberlite X E-97, prepared 
as hereinafter described 

Specific Reagent Mixtures.—Column Buffer = 
60 Gm. citric acid and 65 Gm. sodium citrate dis- 
solved and diluted to 1000 ml. Adjust to pH 4.0, if 
necessary, using concentrated solution of sodium 
hydroxide or citric acid 

Column Desorbing Solution = 60% aqueous solu- 
tion of dioxane made 0.1 'N with respect to HCl. 

Alkaline Buffer = To a saturated solution of 
boric acid add 40% NaOH to pH 9.5. Add 60 mJ 
of this mixture to 40 ml. of 1 NV NaOH. 

Preparation of Resin Bed.—After soaking thor- 
oughly with water, suspend the resin in water and 
allow to settle. Decant the unsettled portion after 
ten minutes. Repeat this operation several times 
Wash the settled resin thoroughly in 150-mesh 
stainless steel] basket. Pour a slurry of the resin 
into a column with a small pledget of glass wool at 
the bottom. Pack to a bed of about 10 cm. Add 
1 NV NaOH until the effluent is alkaline and allow 
to stand in contact with the hydroxide for a half 
hour. Wash the excess alkali through with a few 
ml. of water, add pH 4 citrate buffer until the effluent 
is pH 4, then add a moderate excess of buffer. 
If the column is not to be used immediately, wash 
the excess buffer through with a little water and 
leave 1-2 cm. of water above the bed until ready for 
use. Tamp a fairly large pledget of glass wool to 
the top of the bed to keep resin particles out of the 
solutions to be added and to permit removal of 
solutions, wetting the pledget by application of an 
absorbent swab during the wash steps. 

Assay Procedure.—The sample size selected 
should contain 120-250 yg. of vitamin By. Usually 
5 ml. of liver injection U. S. P. 20 yg., or 10 ml. of 
liver injection U. S. P. 10 yg., or 50 ml. of liver 
injection crude U.S. P. 2 yg. is sufficient. 

(a) To the sample in a 50- or 100-ml. beaker add 
2 mi. of 10% KCN and adjust the pH to 7.5 with 
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citric acid solution using a pH meter. Wash the 
electrodes with a fine jet of water and mix with the 
sample after adjustment. Allow to stand for at 
least three hours at room temperature. 

(b) Adjust the pH of the solution to 4 with 
citric acid solution using the pH meter. Filter, 
if necessary, through a medium porosity sintered 
glass filter, using a small amount of filter aid and 
wash the filter with diluted pH 4 buffer. 

(c) Pass the sample through an XE-97 column 
at a rate of about 2 ml. per minute. Use a little 
diluted buffer to complete the transfer and to wash 
the column walls free of sample into the bed. 

(d) Add 0.1 N HCI until a colored band of im- 
purities has washed through the stopcock, including 
any tailing fingers. (An uneven border indicates 
poor column packing or column support not vertical 
in both planes. ) 

(e) Remove solution, wetting column walls and 
pledget with a small roll of absorbent paper tissue 
on a hooked rod. Add 85% acetone until the heavy 
band of colored impurities has been eluted and no 
more than diffuse coloration remains below the 
area of pink adsorbed vitamin. During this step 
the flow rate diminishes and the stopcock may be 
fully opened. 

(f) Remove the residual acetone from the column 
and dry the pledget as before. Then repeat addi- 
tion of 0.1 N HCl. This will complete the removal 
of colored impurities, shrink the resin bed, and re- 
store original flow rate. Tamp the pledget firmly 
to the top of the bed and dry the acid from the pled- 
get as before. 

(g) Add the dioxane desorbing solution, with the 
stopcock fully open. The flow rate will slow con- 
siderably as the red elution band nears the bottom 
of the column. When the colored band reaches the 
stopeock, begin collecting the effluent in a 10-ml. 
volumetric flask containing about 3.5 ml. of 0.1 N 
HCl. (Total 0.1 N HCl preceding the vitamin Bj» 
containing eluate should be 4 ml.) Collect to the 
mark, or until all pink color has flushed through the 
stem, and dilute to the mark with eluting solution. 

(hk) Pipet 4-ml. aliquots of the eluate into each 
of two small flasks, one containing 1 ml. of alkaline 
buffer and the other 1 ml. of 10% KCN. Mix the 
contents of each flask and allow to stand for 20-30 
minutes. 

(4) Measure the difference in the absorbances 
of the two solutions at 578 my in 1-cm. matched cells. 

(j) Calculation: 


(A, -_ A») x 1.25 X 10 


= wg. By»/ml. sample 
0.0060 X ml. sample 


where 
A; = absorbance of the dicyanide complex 
A» = absorbance of the buffered reference 


1.25 is the dilution factor (4 + 1)/4 
10 is the ml. of eluate taken 
0.0060 is the absorbancy factor established for this 
wavelength 


Reproducibility of this method based on 8 or more 
separate assays by each of three different operators 
showed a standard deviation of less than 2% 

Two precautions should be observed throughout 
this procedure. Adequate ventilation should be 
afforded to prevent accumulation of hydrogen cyan- 
ide in the working atmosphere. Daylight should 
be excluded from the columns and elutions to avoid 
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reversion of the vitamin to By. We work in interior 


rooms under artificial light. 


SUMMARY AND APPLICATIONS 


1. A simple and reliable method for assaying 
vitamin By, in liver solutions has been described 
which involves no liquid-liquid extraction tech 
niques. It should be valuable to laboratories 
which lack facilities for radioactive tracer meth- 
ods. It may substitute for or supplement micro- 
biological assays. 

2. The technique is not limited to liver solu- 


Comparative Activities and Toxicities 


Vol. XLV, No. 1 


tions but may be adapted to many pharmaceuti- 
cal preparations, oral solids, etc., which contain 
evanocobalamin or its convertible analogs, to 
remove colored impurities and permit spectro 
photometric measurements. 
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Sugar and Amino Acid Derivatives of Aminosalicylic Acids 


By WILLIAM O. FOYE} and EDWARD G. FELDMANN}{ 


A comparison has been made of the effects of sugar and a-amino acid derivatives of 


the car 
and changing antitubercular activity. 


»xyl group of both nitro- and aminosalicyclic acids in lowering acute toxicity 
The a-amino acid derivatives were as effective 


as the sugar derivatives in lowering toxicity and showed a slightly better retention 
of activity. 


DERIVATIVES of medicinal 
agents have an extensive history in phar- 
macy and medicine. In addition to the natur- 
ally-occurring derivatives, such as cardiac gly- 
hydroxyanthraquinone glycosides 
of the 


number of svnthetic sugar derivatives have been 


cosides, sap 


onins, tannins, and sore antibiotics, a 


employed. For instance, sugar derivatives have 


been utilized in improving the properties of such 
antitubercular agents as isonicotinvl hvdrazide 
(1) and the diamino diary! sulfones (2), and at 
tempts have been made to improve such com 
pounds as chloral (3). 

Much less attention has been given to natu 
rally-occurring a@-amino acids to lower toxicities 
or improve activities, however, although glycine, 
cystine, and glutamine function in detoxication 


reactions. Only scattered instances can be found 


in the literature where a-amino acids have been 
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employed. Doub, et al. (4), prepared the glycine 
amide of p-aminosalicylic acid, and Drain, et al. 
(5) also reported several amino acid derivatives 
of p-aminosalicylic acid. Skinner and Lyman 
(6) utilized glycine derivatives of aminobarbituric 
acids, while Fove and Mode (7) made use of a 
amino acids in preparing mercurial diuretics for 
oral use. 

Some evidence exists, however, to show that 
conjugation with naturally-occurring compounds, 
even in animal ‘‘detoxication” reactions, does not 
The 
“detoxicated” preduct 


always result in a less toxic compound. 
best known example of a 
being more toxic than the administered drug is 
the combination of acetic acid with the sulfanil- 
amides. <A recent report (8) of the combination 
of chloral with glucuronic acid also showed a 
product which was quite toxic, and suffered loss 
of activity as well 

It should be quite revealing, then, to observe 
the activities and toxicities of other combinations 
of such naturally-occurring compounds as sugars 
and a-amino acids with drugs, and to determine if 
any generalities may be made regarding change of 
activity or lowering of toxicitv. Furthermore, no 
comparison has been made between sugar and @ 
amino acid derivatives of drugs in regard to their 


4 

be 

ti 
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TABLE I.—IN VirrRO ANTITUBERCULAR ACTIVITIES 
or AMINOSALICYLIC AcID DERIVATIVES* 


0 
R\ 
C—R?* 
O—CH:—C,H; 
“> Light 
Derivative Conen Transmission 
R R? mg. /mil Deriv Control 
Et leucine-HCl 0.2 100) 
0.02 87 S4 
5-NH,. Et glycine-HCl 0.2 99 
0.02 85 
4-NH, Et leucine 0.2 OS 
0.02 87 84 
Et glycine-HCl 0.2 99.5 
0.02 83 S4 
5-NH,. Monoacetone- 0.2 59 S4 
cose- HCl 


* Determined at the Lilly Research Laboratories by W. B. 
Sutton 


effects on activity and toxicity, and such a com- 
parison should be of value in the modification of 
drug structures. 

The preparation of a series of a-amino acid (9) 
and sugar (10) derivatives of p-aminosalicylic 
acid (PAS) has already been reported from this 
laboratory, and a comparison of the effects of 
these combinations on PAS provides the subject 
of this paper. The effect on the antitubercular 
activity of PAS can be dismissed quite readily 
it was lowered by both types of derivatives in 
vivo but only by the sugar derivatives in vitro. 
As shown in Table I, the a-amino acid amides 
showed relatively complete in vitro inhibition of 
M. tuberculosis H37Rv, whereas the more soluble 
of the glucose esters showed no inhibition at all. 
This was determined by the extent of light trans- 
mission through the culture tubes of the organ- 
ism. Jn vivo tests in mice, however, on one 
derivative of each type showed little difference in 
activity; the glycine amide was relatively weak, 
while the diacetone glucose ester was practically 
inactive. It should be pointed out that much 
lower concentrations of these derivatives were 
used in the test than of PAS, but it might be ex- 
pected that any increased activity would have 
shown up. These results are shown in Table II. 

The effects of amino acid and sugar conjuga- 
tions on the toxicity of PAS are less obvious. 
Acute intraperitoneal toxicities were determined, 
since many of the compounds were too insoluble 
for intravenous determinations, and they would 
probably be absorbed too slowly in subcutaneous 
administrations to give a true toxicity picture. 
The results of the toxicity determinations are 
given in Table III, where toxicity levels at which 
none of the test animals died, rather than more 
specific LDs values (with several exceptions) are 
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Taste II.—IN Vivo ANTITUBERCULAR ACTIVITIES 
or 4-AMINOSALICYLIC DERIVATIVES* 


NH.—7 C—R 


Mean 
Surviva 
lime 
No. of in Mor- in 
Derivative R Mice Diet tality Days? 
Et glycine-HCl 5 O.1 60 14.6+ 
Et glycine-HCl 5 0.02 60 15.5+ 
Control 10 80 14.8+ 
Diacetoneglucose 6 0.1 66 15.0+ 
Diacetoneglucose 6 0.02 83 14.6+ 
Control 10 80 14.84 
PAS 9 1.0 11 18.3 


Control 10 90 15.6 
* Determined at the Lilly Research Laboratories by W. B 
Sutton 


6 A + indicates that the surviving animals were sacrificed 
at the times shown for examination of lesions 


shown. These relative toxicity levels should be 
as meaningful as LDg values, and any differences 
in toxicity due to solubility differences should ob- 
scure the results to a lesser extent than with the 
more closely defined method. 

In general, it may be stated that among the 
derivatives of 4-aminosalicvlic acid, both amino 
acids and diacetone glucose were successful in 
lowering the toxicity. If we turn to a comparison 
of the sugar and amino acid derivatives of 4- and 
5j-amino and 4- and 5-nitrosalicvlic acids, how- 
ever, some interesting results may be seen, and a 
conclusion becomes less clear as to the relative 
efficacy of sugars and amino acids as detoxifying 
agents. 

The amino acid amides of 4- and 5-aminosali- 
evlic acids (the compounds under discussion also 
bear a benzyl group on the phenolic function and 
have the amino acid residue esterified) show an 
appreciably lower toxicity than PAS itself. The 
corresponding derivatives of the nitrosalicylic 
acids also show a lower toxicity than 4-nitro- 
salicvlic acid itself. The only exception is found 
with the alanine ester derivative of 5-nitrosalicylic 
acid, but the 5-substituted salicvlic acid deriva- 
tives generally show a higher toxicity than the 4- 
substituted derivatives. A comparison of this 
compound with the less toxic 5-nitroalanine de- 
rivative lacking the benzyl and ethyl ester groups 
indicates that one or both of these functions 
contributes to the toxicity of these compounds. 
However, separate determinations on 4-nitro- 
and 4-amino-2-benzyloxybenzoic acids showed 
them not to be appreciably toxic entities. 

Only two sugar derivatives of the aminosali- 
evlic acids were available for toxicity determina- 
tions—the monoacetone glucose ester of 5-amino- 


32 JOURNAL OF THE AMERICAN PHARMACEUTICAL 


Tasie IIl.—Acute INTRAPERITONEAI 


TOXICITIES OF 


ASSOCIATION Vol. XLV, No. 1 


THE NirRoO- AND AMINOSALICYLIC AcID Dertiva- 


TIVES" 


Derivative 


R! 
5-NH,- HCl 
5-NH,- HCl 
4-NH, 
4-NH,-HCl 
5-NO, 
5-NO, 
4-NO» 
5-NHg- 


Et leucine 

Et glycine 

Et leucine 

Et glycine 
Alanine 

Et alanine 

Et glycine 

Et leucine 
Monoacetone glucose 
Diacetoneglucose 
Diacetoneglucose 
4-NO, Diacetoneglucose 
5-NO. OH 

OH 

4-NH,.-HCl OH 

4-NH, OH 


H (PAS) 


Dose in No. died? 
mice, per + S.E., 
mg./Kg No. used mg./Kg 
CH, 4100 O/! 567 + 48 
CH, 
CH, > 800 
CH, > S00 
> SOO) 
» 277 
> 26 
> 1110 
283 + 14 
2000 + 
> S00 
> S00 
> 400 
> 
360 


CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
+ 8.5 


* Determined at the Lilly Research Laboratories by R. C. Anderson and H. M. Powell 
+ Observations were made for seven days after single injections of compound 


acid hydrochloride and the diacetone 
glucose ester of 4-aminosalicylic acid. The rela 
tively low toxicity level found for the water-in- 
soluble 4-amino derivative is probably not an 
accurate indication of the true toxicity. Doses 
of 2,000 mg./Kg. of a 5 per cent suspension killed 


salicylic 


two of five mice within twenty-four hours, but 
some particles of the compound were present in 
the peritoneal cavity of the surviving mice one 
week after dosing. On the other hand, the 5 
amino glucose ester hydrochloride was completely 
soluble in the administered dose (water) and 
showed a remarkably high toxicity, much higher 
in fact than any of the amino acid derivatives of 
This result 
more surprising when it is compared with the cor 


the aminosalicylic acids. is even 
responding 5-nitro ester, which was much less 
toxic and was apparently detoxified by the sugar 
substituent (5-nitro-2-benzloxybenzoic acid, for 
instance, was much more toxic). Any difference 
suspected between the effects of the mono- and 
diacetone glucose moieties is without basis, since 
water removes the 5,6-acetone group almost im- 
mediately (10). Furthermore, both monoacetone 
and diacetone glucose were found to be relatively 
nontoxic (single doses of 700 mg./Kg. failed to 
cause death during a one-week observation 
period). 

The sugar esters of the 4- and 5-nitro acids 
were not found to be appreciably toxic, and 
showed a somewhat lower level of toxicity than 
the corresponding amino acid derivatives. The 
nitro acid derivetives may present a truer com- 


parison between the effects of sugar and amino 
acid substituents, since no such disturbing factor 
as the difference between free amine and amine 
hydrochloride is The difference in 
toxicity between the two sets of nitro compounds 


present. 


is not very large and may not be significant, es- 
pecially since the leucine amide of the 4-nitro 
acid was the least toxic of any of these deriva- 
tives. It is evident, that the nitro 
acids are generally, but not consistently, more 


however, 


toxic than the aminosalicylic acids, and the 5- 
substituted acids are more toxic than the 4-sub- 
stituted acids 

The present evidence reveals that amino acids 
are at least as effective as sugars in lowering the 
toxicity of drugs. While the sugar substituent 
may have exerted a slightly greater toxicity 
lowering effect in the case of the nitrosalicylic 
acids, the amino acids gave a more consistent 
lowering of toxicity of the aminosalicylic acids. 
Other series of amino acid- and sugar-substituted 
drugs will have to be observed however, to make a 
more valid comparison of their relative effects on 
the activities and toxicities of drugs. 


EXPERIMENTAL 


It was necessary to prepare only two compounds 
to complete this comparison; the preparation of the 
other compounds discussed has already been re- 
ported (9, 10). Attempts were made to prepare the 
first of these, monoacetone glucose, bv ihe selective 
hydrolysis of diacetone glucose, but only mixtures of 
products were obtained. Since ii had been noted 
previously that some monoacetone g!cose is formed 


R! 
C—R? 
OR?! 
C,H 
C.H 
CH 
H 
i, C.H 
ig CH 
C,H 
C.H 
C,H 
C.H 
CH 
C.H 
CH 
a 
ay 
om 
a 
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in the preparation of diacetone glucose, as described 
by Freudenberg and Smeykal (11), this appeared to 
provide a convenient route of synthesis. The yield 
of monoacetone glucose using their reaction pro 
cedure was quite low, but by the addition of a little 
water and a trace of acid at a critical point in the 
preparation, the yield of purified monoacetone 
glucose was increased to 14% 

The second compound, 2-benzyloxy-4-amino- 
benzoic acid, has been reported by Jensen and Ing- 
vorson (12) by reduction of the nitro acid without 
statement of the yield. Duplication of their pro- 
cedure resulted in the same difficulties they report: 
namely, that a short reduction time returns pri- 
marily unreacted nitro compound, while a longer re 
duction time results in simultaneous cleavage of 
the benzyloxy group to give 4-aminosalicylic acid, 
which cannot be separated from the desired product. 
Using a short reduction period and a relatively poor 
solvent, followed by isolation of the desired amine as 
the hydrochloride, however, gave a 19.5% vield of 
the amine. This method avoided cleavage of the 
benzyloxy group and permitted a convenient sepa 
ration of the amine from unreduced nitro compound. 
When the reduction was run under identical con- 
ditions in ethy! acetate, a much better solvent than 
absolute ethanol, considerable cleavage of the benzyl- 
oxy group occurred, and none of the desired product 
was isolated. All attempts toward the analogous 
preparation of 2-benzyloxy-5-aminobenzoic acid 
hydrochloride were unsuccessful. 

1,2-0-Isopropylidene-p-glucofuranose (mono- 
acetone glucose)..-Anhydrous p-glucose (65 Gm., 
0.36 mole) was added to 1.8 L. of dry acetone in a 
narrow-necked 4-L. bottle. Concentrated sulfuric 
acid (55 ml.) was introduced, and the bottle was 
fitted with a short glass column. It was mechanic- 
ally shaken for six hours, and the contents were 
filtered. The filtrate was neutralized with 250 Gm 
of powdered sodium carbonate, refiltered, and 
treated with 5 ml. of distilled water and one drop 
of 1% hydrochloric acid. The resulting solution 
was then evaporated in vacuo to dryness, and the 
mushy solid was extracted with several portions 
of cold diethyl ether to remove diacetone glu- 
cose. The remaining solid, after drying, melted 
at 145-149°, indicating the presence of unreacted 
p-glucose. The solid was then taken up in a mini- 
mum of hot acetone-diethyl ether (1:4), leaving a 
residue of p-glucose, and the filtrate was evaporated 
in vacuo to dryness. The monoacetone glucose 
obtained weighed 11.0 Gm. (14% yield), and melted 
at 158-160° [lit. (13) m. p. 161°}. 

2-Benzyloxy-4-aminobenzoic Acid Hydro- 
chloride.—-2-Benzyloxy-4-nitrobenzole acid (5.0 Gm. 
0.018 mole) was dissolved in 300 ml. of warm ab 
solute ethanol, 0.1 Gm. of Adams’ platinum oxide 
catalyst was added, and the mixture was hydro- 
genated at 40 p. s. i. for forty-five minutes. The 
resulting mixture was filtered through Filter-Cel, 
and the filtrate was concentrated in vacuo to about 
20 ml. Approximately 0.1 Gm. of unreduced ma- 
terial which had separated out was filtered, and 
complete evaporation of the filtrate then left a 
gum. This was taken up in 5 ml. of absolute ethanol 
leaving a second crop of nitro compound, and satu- 
rated with dry hydrogen chloride. After dilution 
with 10 volumes of anhydrous diethyl ether and 
chilling overnight, a precipitate was obtained which, 


Screntieic Eprr1on 33 


after washing with ether and drying, weighed 1.0 
Gm. (19.5% yield ) and melted at 139-140° decompn. 
Recrystallization from anhydrous ethanol and ether 
did not raise the melting point 

Anal.—Caled. for C\yHyO;NCI: C, 60.14; H, 
5.04. Found: C, 59.37; H, 5.49. 

Both alcoholic and aqueous solutions of this ma- 
terial gave negative phenol tests with ferric chloride 
solution (4-aminosalicyclic acid gives a_ positive 
test). The product from a similar reduction in 
150 ml. of ethyl acetate gave a very intense color 
with :erric chloride. 

Determination of Antitubercular Activities.—The 
in vitro activities were determined against M. 
tuberculosis H37Rv in Youmans medium. Growth 
of the organism was measured by the amount of 
light transmission through the culture tubes. 

The in vivo determinations were made using mice 
infected with the same organism. The compounds 
tested were administered in the diet in the concen- 
trations indicated in Table II. The per cent mor- 
talities were measured at the mean survival times of 
the control animals. The mean survival times of 
the test animals are not true means, since some of 
the animals were sacrificed before completion of the 
experiment in order to examine the internal organs 
for lesions. 


SUMMARY 


1. The use of a-amino acids was found to be 
as effective as acetone glucose in lowering the 
toxicity of nitro- and aminosalicylic acids. 
Comparisons were made with the acetone glucose 
esters and a-amino acid amides of 4- and 5-nitro 
and 4- and 5-aminosalicylic acids. 

2. The in vivo antitubercular activity of p- 
aminosalicylic acid was lowered by both sugar and 
a-amino acid derivatives, with the latter showing 
a slightly better retention of activity. 

3. Methods of preparation were found for 
monoacetone glucose and the O-benzyl derivative 
of p-aminosalicyvlic acid giving fair yields. 
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Lo SHELF LIFE has been reported for 

penicillin in aqueous procaine penicillin 
(penicillin G procaine, U.S. P.) suspensions con 
taining various additives such as procaine hy- 
drochloride and sodium citrate (1, 2). The in- 
crease in stability is attributed te suppression of 
penicillin solubility. Morever, the rate of peni 
cillin degradation in aqueous procaine penicillin 
suspensions appears to be associated primarily 
with the portion in solution. On this basis we 
devised a series of quantitative studies to de- 
termine the effects of various additives in sup- 
pressing penicillin solubility in such suspensions. 


EXPERIMENTAL 


An aqueous phosphate buffer solution was pre- 
pared by dissolving 0.45 Gm. NaH,.PO,H,O in dis- 
tilled water with sufficient Nas-HPO,7H,0O to bring 
the pH to 5.85 and the volume to 100 ce. at room 
temperature (25 + 2 Solutions were prepared 
of 0, 0.50, 1.00, 2.00, and 3.00% w/v procaine hy 
drochloride in this buffer To each of these solu- 
tions, procaine penic illin powder was added in 
excess of its solubility. These suspensions were agi- 
tated simultaneously for sixteen hours at room 
temperature, then were filtered using a medium 
porosity sintered glass filter, and the filtrates dried 
to constant weight at 60° in vacuum. Solids in each 
l-cce. lot were determined gravimetrically The 
amounts of procaine penicillin dissolved were de 
termined by subtracting the weights of correspond 
ing blanks 

Suspensions of procaine penicillin were agitated 
in vehicles containing combinations of such addi- 
tives as citrate, tartrate, gluconate, saccharate, dex- 
trose, sucrose, sorbitol, and procaine hydrochloride 
for sixteen hours and treated as previously de- 
scribed The respective filtrates were diluted to 
known values and then assayed (a) microbiologi 
cally by a modification of the Food and Drug Ad 
ministration agar plate diffusion method (4) in the 
case of samples containing procaine hydrochloride, 
and (6) spectrophotometrically for samples devoid 
of procaine hydrochloride 
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Suppression of Penicillin G Procaine Solubility in 
Aqueous Media‘ 


By JOSEPH V. SWINTOSKY, EARL ROSEN, MANFORD J. ROBINSON, 
ROBERT E. CHAMBERLAIN, and JOSEPH R. GUARINI 


Quantitative studies were made on the effects of various additives such as procaine 

hydrochloride, dextrose, and citrate in reducing penicillin G procaine solubility in 

water. Aqueous vehicles were prepared in which the solubility was lowered to a 
minimum of 0.036 mg./cc. at room temperature. 


MG 


PENICILLIN 


PROCAINE 


SOLU BILITYgOF 


2 3 
PROCAINE HYDROCHLORIDE IN BUFFER 


Fig. 1—The solubility of procaine penicillin in 
phosphate buffer solution, pH 5.85 


RESULTS AND DISCUSSION 


The suppression of solubility, as depicted in Fig 
1, is not of the type one would predict if procaine 
penicillin were totally dissociated Phere is evi 
dence that in dilute aqueous solutions, procaine 
However, 


>) 


penicillin is completely dissociated (3 
our data suggest that saturated aqueous suspen- 
sions exhibit equilibrium reactions best described 
as follows: 

procaine penicillin 


(undissociated 
dissolved state) 


procaine penicillin 
(solid state) 


dissociated species 
of procaine and 
penicillin (1) 


If the assumption of incomplete dissociation under 
these conditions is valid, and if concentrations may 
be equated with activities, the preceding data 
should be amenable to further mathematical analy- 
sis as follows: 

According to Eq. 1, 


S = [pen + [proc. pen.], (: 


where 


\ 
\ 
| \ 
3 
\ 
if | 
44 
ta = 
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S = total molar solubility of procaine penicillin y 
[pen.~] = molar solubility of dissociated procaine - 
penicillin, = s 
[proc. pen.|, = molar solubility of undissociated os 
procaine penicillin 
Also according to Eq. 1, in a buffered solution satu- oh 7 


rated with respect to procaine penicillin, [proe. pen.] , 


is a constant rherefore, 


| proc [pen = K 
or 
[pen.~] = K/[proc. *] (3) 
Substituting terms from Eq. 3 into Eq. 2, 
S = K/|proc.*] + [proc. pen.], (4) 


which is the equation of a straight line. 


Under the 
1.00%, 


experimental conditions employed, 
2.00%, and 3.00% procaine hydro- 
chloride are present in the saturated procaine peni- 
cillin solution, very little penicillin exists in the dis 
sociated form 


when 


rherefore, the values of [proc 

nearly identical to the 
final molar concentrations of the highly dissociated 
hydrochloride 
sociation of procaine hydrochloride, the molar con- 


at these concentrations are 


procaine Assuming complete dis- 
centrations of procaine ions corresponding to the 
above percentages are 0.0366, 0.0733, and 0.110, 
respectively 


27.3, 13.6, 


rhe reciprocals of these values are 

and 9.1, respectively. When 
values of 1/[proe are plotted vs. S from the ex- 
perimental data of Table L, column 4, a straight line 
should result (Fig. 2 
approximation of the 


these 


This plot permits a close 
magnitude of 
which is observed to be about 0.002 moles procaime 
penicillin per liter. This value signifies that with 
the phosphate buffer employed at room tempera- 
ture, in the presence of variable ainounts of pro- 
caine hydrochloride, a saturated solution of pro- 
caine penicillin would appear to contain about 0.002 
moles of undissociated procaine penicillin. 

According to Table I a saturated solution of pro- 
caine penicillin, in the absence of added procaine 
hydrochloride, contains about 0.0102 moles of total 
procaine penicillin. The dissociated procaine peni- 
cillin in this solution therefore should amount to 
0.0102-0.002 = 0.0082 This corre- 
sponds to a dissociation of about 80%. Using the 
latter approximation, one may utilize the data of 
2 and 4 of Table I to compute the data of 
columns 5 and 6 


proc. pen], 


about moles 


columns 


TABLE I 
pu ar 25°C 


MOLES/LITER 
—— 


SOLUBILITY OF PROCAINE 
to 


0 i 
30 60 
[PROCAINE 


Fig. 2.—Data illustrating the method of deter- 
mining the approximate magnitude of undissociated 
procaine pencillin in a phosphate buffer vehicle 
saturated with procaine penicillin. pH 5.85 and 
temperature 25°C. (+2°) 


The data of columns 4 and 6 are plotted accord- 
ing to Eq. 4, in Fig. 3 where the straight line rela- 
tionship holds reasonably well: and one may esti- 
mate the solubility of procaine penicillin in this 
vehicle at 25° + 2° at any concentration of [proc. *}. 
It is apparent from the experimental data and Fig. 
3 that procaine penicillin solubility is reduced to 
about one-fourth its value in this phosphate buffer 
by the addition of procaine hydrochloride to 2%: 
but very little further reduction in solubility could 
be expected even if the solution were saturated with 
procaine hydrochloride. 

Table II illustrates the solubility of procaine 
penicillin in aqueous solutions containing various 
combinations of additives selected because of their 
hydrophilic characters, ionic strength, general non-* 
toxic characters, and palatabilities. These proper- 
ties suggest a possible practical utilization of such a 
vehicle for the preparation of oral procaine penicillin 
suspensions of protracted shelf life 

Most of the additive combinations employed were 
effective in the creation of aqueous vehicles in which 
procaine penicillin solubility was suppressed below 
that observed in a phosphate buffer solution of pu 
5.85. 


DATA DESCRIBING SOLUBILITY OF PROCAINE PENICILLIN IN AguEous PHosPHATE BUFFER 
(+2°), CONTAINING VARIABLE AMOUNTS OF PROCAINE HYDROCHLORIDE 


CoLtumns 5 


AND 6 ARE CALCULATED ASSUMING COMPLETE DISSOCIATION OF PROCAINE HYDROCHLORIDE AND APPROXI- 


MATELY 80°) DISSOCIATION OF THE PROCAINE PENICILLIN 


3) 
Procaine 
Penicillin 


1) 


Procaine 


>) 
Moles/L 


Cl Procaine HCI Solubility, 
Added Added Gm /L 
0 0 5.9 
0.50 0.0183 3.4 
1.00 0.0366 2.1 
2.00 0.0733 1.6 
3.00 0.110 1.5 


(4) 
Procaine (6) 
Penicillin (5) 1/ (proc. 
Solubility, [proc. *], Reciprocal, 
Moles/L. Moles Moles /L 
0.0102 0.0082 122 
0.0058 0.022 45.2 
0.0036 0.040 25.0 
0.0027 0.076 13.2 
0.0025 0.112 8.9 
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SOLUBILITY OF PROCAINE PENICILLIN IN MOLES 
LITER 


0 30 60 90 120 
PROCAINE HYDROCHLORIDE 
[PROCAINE *] 

Fig. 3.—The relationship of procaine penicillin 
solubility to procaine ion concentration in a phos- 
phate vehicle, pH 5.85 and at a temperature of 25°C 
(+2°) A, 0; B, 0.50; C, 1.00; D, 2.00; E, 3.00. 


The most effective aqueous vehicle contained 10% 
sodium citrate, 0.2% citric acid, 2% procaine hy- 
drochloride, 40% p-sorbitol, and 25% sodium glu- 
conate. In this vehicle the solubility of procaine 
penicillin was observed to be 0.036 mg./cc., a value 
corresponding to about !/;«; of that for the solubility 
in phosphate buffer of pH 5.85. One could predict 
from this observation that this vehicle, or modifica- 
tions of it with a similarly effective suppression of 
procaine penicillin solubility, might be utilized to 
prepare an oral aqueous suspension with protracted 
shelf life. Studies to substantiate this prediction 
are reported in another paper (5) 


SUMMARY 


1. Quantitative studies were made on the ef- 
fects of various additives such as procaine hy- 
drochloride, dextrose, sorbitol, sucrose, citrate, 
tartrate, and gluconate in reducing penicillin G 
procaine solubility in water. 

2. Solubility data for penicillin G procaine, 
in the presence of various concentrations of pro 
caine hydrochloride in phosphate buffered solu 
tions, suggest the following equilibrium reactions: 
procaine penicillin 

(undissociated 
dissolved state) 


procaine penicillin ; 
(solid state) 


dissociated species of 
procaine and penicillin 
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PENICILLIN 
Con- 
DIFFERENT 


TABLE OF PROCAINE 

in SoLuTions at 25°C. (+ 2°) 

TAINING VARIABLE AMOUNTS OF 
ADDITIVES 


Procaine 
Penicillin, 
Composition of Vehicle, w/v mg 
5°) sodium citrate, citric acid 
10°, sodium citrate, 0.2"), citric acid 
©, Sodium citrate 
Sodium citrate 
©, Sodium citrate in Sorbo®* 
“> Sodium citrate in Sorbo* 
Sodium citrate in syrup 
“, Sodium citrate in syrup 
© Sodium citrate in syrup 
“o Sodium citrate in equal parts of 
syrup and Sorbo® 
5% Sodium citrate in 100°) dextrose 
solution 
20° Sodium tartrate* with tartaric acid 
to pH 6.15 
15°, Sodium tartrate with d/-tartaric 
acid to pH 6.1 
25°, Sodium gluconate with glucono 
4 lactone to pH 6.1 
25°, Sodium potassium saccharate 
10°, Sodium citrate, 5°; sodium tar- 
trate, 40°, sorbitol, 40°) sucrose, 
0.25°) citric acid 
10°, Sodium tartrate, 15°; 
gluconate, 40°; sorbitol, 
crose, 0.25", tartaric acid 
5°) Sodium citrate, procaine hy- 
drochloride 
15°), Sodium citrate, 2‘ 
drochloride in syrup* 
10°, Sodium citrate, 2°) procaine hy- 
drochloride in syrup 
10°) Sodium citrate, 2°), procaine hy- 
drochloride in equal parts syrup and 
Sorbo 
Sodium citrate, 0.2°, citric acid, 
sorbitol, 40°) sucrose 
10°, Sodium citrate, 5°7 sodium tar- 
trate, 0.25", citric acid, 40°) sorbi- 
tol, 40°) sucrose 
1°) Sodium citrate, 0.2% citric acid, 
0.5% procaine hydrochloride, 40° 
sorbitol, 40°, sucrose 
10°) sodium citrate, 0.2 citric acid, 
1°) procaine hydrochloride, 40°; 
sorbitol, 40°) sucrose 
10°; Sodium citrate, 0.2), citric acid, 
1.5°% procaine hydrochloride, 40°; 
sorbitol, 40°) sucrose 11 
10°) Sodium citrate, 0.2) citric acid, 
2°> procaine hydrochloride, 40°; 
sorbitol, 40°), sucrose 
10°, Sodium citrate, 0.2% citric acid, 
procaine hydrochloride, 40°; 
sorbitol, 25°) sodium gluconate 


sodium 
40°, su- 


© procaine hy- 


097 


0.036 


@ Sorbo is a product of Atlas Powder Co., Wilmington 99, 


Tartrates em- 
Syrup refers 


Del., containing 70° pb-sorbitol in water 
ployed in these studies were dextrorotatory 
to the official U.S. P. product. 


3. The solubility of penicillin G procaine in 
the presence of procaine hydrochloride and a 
phosphate buffer could be described by an equa- 
tion 


S = K/[proc.*] + [proc. pen.}, 
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4. Most of the additives served to suppress 
solubility of this penicillin salt. 

5. Pemicillin G procaine solubility was lowered 
to a minimum of 0.036 mg./cc. in an aqueous 
vehicle contaning 10 per cent sodium citrate, 
0.2 per cent citric acid, 2 per cent procaine hy- 
drochloride, 40 per cent sorbitol, and 25 per cent 
sodium gluconate. 
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Preparation of Oral Penicillin G Procaine 
Suspensions of Extended Shelf Life* 


By JOSEPH V. SWINTOSKY, EARL ROSEN, MANFORD J. ROBINSON, 
ROBERT E. CHAMBERLAIN, and JOSEPH R. GUARINI 


Penicillin G procaine solutions were prepared in an aqueous veliicle in which peni- 
cillin solubility was very low. Rates of penicillin degradation in this vehicle were 


determined at various temperatures. 


Penicillin G procaine suspensions were pre- 


pared in the same vehicle, and were assayed at time intervals under various tem- 


storage conditions. 


Penicillin activity of the suspensions was shown to 


related to the concentration of the drug in suspension and to penicillin solubility 


in the vehicle at the storage temperature. 
fair correspondence with experimentally determined values. 


Calculated penicillin activities showed 
The use of chemical 


kinetics in predicting shelf life of pharmaceuticals is illustrated. 


A” CHEMICAL FORMS of penicillin appear to be 

subject to hydrolytic deterioration. With 
aqueous procaine penicillin (Penicillin G Pro- 
caine, U. S. P.) the degradation is associated 
Pre- 
viously we described the preparation of an aqu- 


primarily with the portion in solution. 


eous vehicle (1), in which procaine penicillin solu- 
bility was known to be appreciably less than in 
simple butiered solutions. Solubilities, velocity 
constants for penicillin degradation, and the 
apparent activation energy for the degradation 
reaction were determined for solutions in this 
special vehicle, through a temperature range of 
The 


several procaine penicillin suspensions in the 


about 25-56°. rate of degradation of 


vehicle were determined experimentally and 
compared with theoretically predicted values. 

It is well known that both procaine and peni 
cillin are pH sensitive and any study undertaken 
to develp a suitable oral aqueous vehicle for 
procaine penicillin must take cognizance of this 
fact. Broderson (2) has shown that aqueous 


penicillin solutions show an optimal stability at 


* Received May 6, 1955, from the Smith, Kline and French 
Laboratories, Philadelphia 1, Pa 

Presented to the Scientific Section, A. Pa. A., Miami 
Beach meeting, May 1955 


pH 6.5. Higuchi, et al. (3), report that below 
pH 8, the half-life of procaine in aqueous solution 
follows the equation: 
—log ti), = pH — pKy + 10.8 — “em 
where 

tif, = half-life of procaine in minutes 

pKw = 14 at 25° 

= absolute temperature 
Hence, from this equation, the half-life of pro- 
caine decreases as the pH increases. At pH 6.5, 
where penicillin stability is about maximal, the 
half-life of procaine in aqueous solution at 25° 
may be calculated as about two hundred and 
twenty days. Since a greater degree of procaine 
stability would be desirable in a proprietary pro- 
caine penicillin suspension, a lower pH for the 
vehicle is indicated. At pH 6.1, the half-life of an 
aqueous procaine solution at 25° is about five 
hundred and fifty days. This pH appeared to 
offer a fair degree of procaine stability and was 
therefore accepted as the compromise pH value 
for the vehicle employed in this study. 


EXPERIMENTAL 


An aqueous vehicle of PH 6.1 was prepared as 
follows: 


JOURNAL OF 


Procaine hydrochloride 

Sodium citrate 

Citric acid 

p-Sorbitol 

Sucrose 

Distilled water to make ec 


Suspensions of procaine penicillin in this vehicle 
were maintained at 37, 43, and 54° ( 
teen constant 
then filtered through a specially designed medium 
porosity sintered-glass filter stick ke signed to permit 
collection of the filtrate at the constant 
ture of the bath. The penicillin content of these 
solutions was determined microbiologically, as pre- 
viously (1), at time 
through a temperature range of 25-54 
follow their rates of deterioration 
Suspensions containing 60,000 and 100,000 peni- 
cillin u./ee., respectively, were kept in stoppered 
60-cc. flint-glass bottles in dark storage rooms for 
several months at 27° (+3°), 43° (+2°) and 56° 
and periodically were assayed in duplicate 
by a microbiologic method (1 


£().1) for six- 


hours with agitation They were 


tempera- 


described various intervals 


in order to 


RESULTS AND DISCUSSION 


The rates of penicillin deterioration of saturated 
procaine penicillin solutions in this vehicle at 37, 
43, and 54° are depicted in Fig. 1. As shown by 
Broderson (2) and others, the rate follows a first 
order The half-life (¢ ind velocity 
constant (&) at each temperature were as follows 
ty, = 5SShr. 119 = 
k= 32 hrs., rhe 
procaine penicillin solubility as a function of 
temperature ts illustrated in the data of Fig. 2. At 
25, 37, 43, and 54 136, 250 
and 560 U.S. P. /ce 

The Arrhenius equation 

AHa 
2.303 RT 


reaction 


the solubilities were 07, 
, respectively 


log k = 


constant to the absolute tem- 

When log & is plotted vs. 1/7 
Fig |, a straight line 

From the slope of this 

rmine the apparent activa 

is found to be about 19,900 

corresponding closely to pub 


relates the velocity 
perature of reaction 
from the data of 

This is depicted in Fig. 3 
line, it is possible to d 
tion energy, A//1, 
ay luc 


results 


whic 
calories /mole, 
lished figures of Broderson in 0.5 Mf NaCl solutions, 
e. g, 17,82) at pH 1.2 and 20,960 at pH 4.54 
Thus, despite the presence of a variety of additives 
in the special vehick a somewhat higher pH 
than that employed by Broderson, the apparent 
AHa at pu 6.1 corre sponds clos ly tothat observed 
in less complex aqueous systems 

Table I depicts the stability of procaine penicillin 


and 


Suspensions in the special vehicle investigated 
The theoretical assay values were calculated using 
the &, storage time, and two assumptions (a) that a 
constant penicillin concentration corre- 
sponds to maximum solubility (as determined from 
Fig. 2), at each temperature; and (+) that degrada- 
tion occurs only in the solution phase. The degra- 
dation rate of the suspensions thus should follow 
approximately a zero order type. Despite these 


assumptions, and with regard to (a) variation in 


soluble 
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IN USP 


PENICILLIN 


OF PROCAINE 
UNITS/CC 


ENTRATION 


CONG 


0 5 10 15 20 25 30 3 
HOURS 


Fig. 1 Data illustrating rates of penicillin de- 
radation of saturated procaine penicillin solutions 
at A, 37°, B, 43°, and C, 54° in a special aqueous 
rehicle 


“AINE PENICILLIN 


PROC 
UNITS/CC 


CONCENTRATION OF 


20 30 iw 50 
TEMPERATURE °c. 


Fig. 2.—-Solubility of procaine penicillin in a 
special aqueous vehicle as a function of tempera- 
ture 


storage room temperatures, (5) soluble procaine 
penicillin concentrations during storage, (c) pro- 
caine ion concentration, (d) a microbiologic assay 
method of some variability, and (¢) no corrections 
for diffusional effects which might exist in the rather 
viscous vehicle, the experimental and calculated 
assay values correspond reasonably well. 
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be 
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Fig. 3.—An Arrhenius equation plot of log vs lias ~ + 
1/T for (procaine) penicillin degradation in a special 
Since duplicate microbiological assays as applied = es S 
to these storage samples are generally less precise # = a) oa 
than the usual chemical assays, it is readily apparent s ent & x 7 
that interpretation of short range stability data = = 
might be difficult in a practical formulation prob =. 
lem with such a product. However, when coupled 3 
with calculated stability values, based upon velocity 2 = t& 
constants describing the degradation rate, and solu = eo 
bility data acquired with a higher degree of precision, Ps =. © > t t~ 5 
one may approach the problem of stability with a 
greater measure of certainty These methods serve x nN 
a useful purpose in guiding the formulator to formu - s* = ‘> : + 
las of greater utility in the design of a commercial 
product, and in interpreting stability data on prod = ay S = = = ™ 
ucts approaching commercial production her 
Since our experimental and calculated stability > 
values show fair correspondence for this type of r “ ¢ ’ = ‘ 
system, it appears that the assumption that only 
dissolved penicillin undergoes appreciable degrada 5 => 
tion is correct. Also shelf life increases as the pro = se = ~ , 
4 
caine penicillin concentration in suspension increases 
as predicted by the mathematics underlying the a 6 
= = 
calculated penicillin potency values of storage > 
samples. The combined data show that an oral 2 
aqueous vehicle may be prepared in which sus 
~ 
pended procaine penicillin may have a predictable x o> 
shelf life far in excess of that observed in water alone Ee 
x x = x x = 
SUMMARY => =x = = = = = = 
= 
1. Penicillin G procaine solutions were pre- E les 
pared in an aqueous vehicle containing 2 per cent : E 3 
procaine hydrochloride, 10 per cent sodium ze 
citrate, 0.20 per cent citric acid, 40 per cent = | zS5 a. 
. < "eS 
sorbitol, and 40 per cent sucrose at pH 6.1. we | «a 


2. When degradation rate studies were con- 
ducted on such solutions, an apparent activa- 
tion energy 
for penicillin degradation. 


of 19,900 calories ‘mole was observed 
Specific velocity con- 
stants for penicillin degradation, at various tem- 
peratures, were determined. 

3. Short range experimental stability studies 
were conducted on penicillin G procaine sus- 
pensions in this vehicle at room temperature and 
exaggerated temperatures. 

4. Penicillin calculated for 
these suspensions from solubility data and the 


activities were 
specific velocity constants for penicillin degrada- 
tion. 

5. Calculated penicillin activities for these 
suspensions showed fair correspondence with 
experimentally determined values. 


6. Penicillin activity of the suspensions was 
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shown to be related to the original concentration 
of the drug in suspension, penicillin solubility, 
storage temperature, specilic velocity constant 
for degradation rate, and storage time. 

7. A rapid quantitative approach to the de 
sign of aqueous oral procaine penicillin suspen 
sions of prolonged shelf life is described 

S. The use of chemical kinetics in guiding 
formulation, predicting shelf life of pharmaceu 
ticals, and expediting transfer from research and 
development to commercial production, is il- 
lustrated. 


REFERENCES 
1) Swintosky, J. V., ef al., Tarts Journar, 45, 36(1056 
2) Broderson, R., “Inactivation of Penicillin in Aqueous 
Solution.’ Einar Munksgaard, Copenhagen, 1040 
3) Higuchi, T., Havinga, A., and Busse, L. W., 
TourNat, 39, 405(1950) 


Tuts 


The Pharmacology and Toxicology of ‘Valmid’ 
(Ethinamate, Lilly)* 


By E. E. SWANSON, R. C. ANDERSON, and W. R. GIBSON 


‘Valmid’ is a new short actin 
bamic acid ester. The hypnotic 
observed in mice, rats, and dogs. 


nonbarbiturate, namely, ethinylcyclohexyl car- 
ose, acute toxicity, and duration of action have been 
The action of this compound has been observed in 
dogs, recording the blood pressure and respiration. 


The cause of death was found 


to be respiratory failure. The antidote was found to be picrotoxin or artificial res- 


piration. 


Schiimann, and Junkmann (1) 

recently studied a number of compounds of 
the class of carbamic acid esters of tertiary unsatu- 
rated carbinols with respect to their hypnotic ac- 
tion, and found a derivative which proved to be 
sleep producing in animal experiments. This 
compound was ethinylcyclohexyl carbamic acid 
ester with the following chemical structure: 


O—C—NH, 
H | 


* Received May 5, 1955, from the Lilly Research Labor 
tories, Eli Lilly and Company, Indianapolis 6, Ind 

Presented to the Scientific Section, A. Pu. A., Miami Be: 
meeting, May 1055 

We are indebted to Dr 
encephalographie stucie 


Irwin Hi. Slater for the electro 


The subacute toxicity was also determined orally in rats and dogs. 


The material is a stable crystalline powder with 
a melting point of 96-98°. The compound is 
It is rela- 
tively insoluble in water, but soluble in many 
alcohols and oils. 


colorless, odorless, and faintly bitter. 


It possesses very little activity 
within the ultraviolet or infrared part of the 
spectrum and is not fluorescent 

In Germany this carbinol, known as Valamin, 
has been available to the medical profession for 
Tewes (2), Schulz and Schirren 
(3) and Franke (4) have characterized the clinical 


several vears. 


use of Valamin as a very rapid-acting, short 
acting, and nontoxic hypnotic. 
The present investigation deals with further 


pharmacological studies of the same compound 
which we now call ‘Valmid’. 


EXPERIMENTAL 


Acute Toxicity..-These studies were carried out 
in mice, rats, and dogs by both oral and intravenous 


administration, An emulsion containing ‘Valmid’ 


| 
= 
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and 5% acacia was used for oral administration, 
and a solution of ‘Valmid’ in PEG 200! for intra- 
venous administration. The median lethal dose 
(LDy + S. E.) was computed by the method of Bliss 
(5). As shown in Table I the LD by vein in mice 
was 108.1 + 10.4 mg./Kg. By mouth in the same 
species the LDjy + S. E. was 489.5 + 39.6 mg./Kg 
In rats by intravenous administration the LDso was 
156.8 + 7.5 mg./Kg. and by mouth 331.1 + 57.3 
mg./Kg. The LD in dogs by vein was 143.7 + 
16.1 mg./Kg. and by mouth 314.5 + 23.6 mg./Kg. 

Hypnotic Dose.--In mice the median hypnotic 
dose (HDs + S. E.) by mouth was 96.6 + 7.0 
mg./Kg. (Table 1). By vein and by mouth in 
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by testing its potentiating action on a well-known 
hypnotic such as secobarbital sodium. Ten rats 
were injected by vein with the hypnotic dose (17.5 
mg./Kg.) of secobarbital sodium. The duration of 
action was one hundred and nineteen minutes. A 
second group of 10 rats was injected with the same 
dose of secobarbital sodium and in addition was 
given 40 mg./Kg. of ‘Valmid’ orally. The duration 
of action was two hundred and one minutes, or an 
increase in duration of hypnotic effect of 69% over 
that in the rats given secobarbital sodium alone. 
With 30 mg./Kg. of secobarbital sodium by vein 
and 20 mg./Kg. of ‘Valmid’ by mouth the dura- 
tion of anesthesia was one hundred and seventy- 


Tas_e I.—-Tue Hypnotic, ANESTHETIC AND LETHAL Doses OF ‘VALMID’ IN LABORATORY ANIMALS 
Duration Duration 
of 
Action Action 
Route Observed Observed 
Species of of H Ss. 1 M. H. D., ADw S. B., M. A. D., LDw + S. 
Animal Admin mg Min mg. Kg Min mg./Kg 
Mice 108.1 + 10.4 
Oral 6.62 7.0 43 489.5 + 39.6 
Rats LV 19.5 + 0.86 36 100.0 + 58 117 156.8 + 7.5 
Oral 7.6 1844.0 = 7.7 246 331.1 + 57.3 
Dogs 1.V. 22.1 + 0.74 70 68.6 + 7.2 226 143.7 + 16.1 
Oral 46.7 + 5 100 216.1 + 21.6 400 314.5 + 23.6 
Monkeys Oral 128.9 + 12.4 124 


rats the HD» + S. E. was 19.5 + 0.86 and 84.7 + 
7.6 mg./Kg., respectively. In dogs the HDy + 
S. E. by vein was 22.1 + 0.74 mg./Kg. and by mouth 
46.7 + 8.5 mg./Kg., and in monkeys the HDs of 
‘Valmid’ was 128.9 + 12.4 mg./Kg. after oral ad- 
ministration. Thus, in rats and dogs the therapeu- 
tic index (LDse/HDy) by vein was 8.0 and 6.5, and 
by mouth it was 3.9 and 6.7. 

Anesthetic Dose.—-The anesthetic dose was de- 
termined in both rats and dogs by intravenous 
injection and oral administration. In rats the 
anesthetic dose (AD jy. + S. E.) by vein was 100.0 + 
5.8 mg./Kg., and by mouth 184.0 + 7.7 mg./Kg 
The ADs + S. E. in dogs by the intravenous route 
was 68.6 + 7.2 and by mouth 216.1 + 21.6mg./Kg 

Duration of Action. The duration of action, ie., 
the time between onset of ataxia and complete re- 
covery, was determined in mice, rats, and dogs fol- 
lowing the administration of the HDs» either by 
mouth or by vein. After oral administration in 
mice the average duration of action of the HDs» 
was ninety-three minutes for ‘Valmid’. In rats 
following intravenous administration the average 
duration of action following the HDs was thirty-six 
minutes and following oral administration, ninety 
minutes. The duration of action of the HD, in dogs 
by vein was seventy minutes and by mouth one hun- 
dred minutes. ‘Valmid’ has a rapid onset of action, 
whereas its duration of action is only one-half that 
of secobarbital sodium (‘Seconal Sodium’, Lilly), 
(6). Therefore, ‘Valmid’ is not recommended as 
a replacement for ‘Seconal’ but is indicated for 
those patients who are light sleepers and require 
some sedation at bedtime 

Potentiation of Barbiturate Hypnosis. Any hyp- 
notic properties of a drug can easily be determined 


Polvethylene glycol 200 


eight minutes in one group of rats. In the control 
group with 30 mg./Kg. of secobarbital sodium alone 
the duration of anesthesia was one hundred and 
thirty-two minutes. With this dosage ‘Valmid’ 
increased the duration of anesthetic effect of seco- 
barital sodium by 35%. 

Electroencephalographic Studies.—The electro- 
encephalogram (EEG) of cats anesthetized with ‘Val- 
mid’ (80-100 mg./Kg. intraperitoneally) showed 
slow activity and spindle formation similar to that 
seen with various barbiturates. The effect of pro- 
gressive doses of ‘Valmid’ was studied also in cats 
in which the spinal cord had been divided under 
ether anesthesia (Fig. 1). The experiment was be- 
gun 90-120 minutes after the cessation of the ether 
and when the EEG showed low voltage fast activ- 


ity usually associated with the wakeful state. 
After 10 mg./Kg. of ‘Valmid’ by vein typical 
“sleep spindles’’ were seen. Loud noise (hand 


clapping) caused an arousal reaction at this time 
as shown by the return of fast activity in the EEG. 
After larger doses of ‘Valmid’, arousal could no 
longer be elicited. Further slowing of the frequency 
and decrease in voltage occurred at high doses. 
These findings suggest that ‘Valmid’ has a mode of 
action similar to the barbiturates and other well 
studied hypnotic drugs 

Effect Upon the Heart, Blood Pressure, and Res- 
piration.The action of ‘Valmid’, dissolved in 
polyethylene glycol 200, was observed in 10 dogs 
anesthetized with 75 to 100 mg./Kg. of the hypnotic 
by intravenous injection. Blood pressure and 
respiration were recorded. Additional doses of 
10-20 mg./Kg. of ‘Valmid’ were injected every 
fifteen minutes until the animals died. All deaths 
were due to respiratory failure. Each injection of 
‘Valmid’ lowered the blood pressure and slowed 
the heart rate and respiratory rate. The depressor 
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EFFECT OF VALMID ON EEG OF SPINAL CAT 


— 


| 


Fig. 1.—Bipolar needle electrodes in the skull of a cat with the spinal cord divided at the level of the second 


cervical vertebra. 


response to electrical stimulation of the peripheral 
vagus altered. Caffeine and benzedrine 
were practically useless to restore the respiration 
Picrotoxin and artificial respiration appeared to be 
effective antidotes for ‘Valmid’ 

Doses of 40-100 mg./Kg. intravenously produced 
transient changes in the electrocardiogram of dogs, 
including prolongation of the P-R and Q-T intervals. 
In some instances doses that caused respiratory 
failure also produced nodal rhythm 

Anticonvulsant Action.— The anticonvulsant effect 
of ‘Valmid’ was observed in rats according to the 
method reported by Sv inyard (7 By the maximal 
electroshock method following oral administration 
the ED» + S. E. was 80.0 + 29.0 mg./Kg. By the 
Metrazol® shock method the EDy + S. E. was 75.0 
+ 721 mg./Kg. The peak effect by both methods 
thirty to ninety minutes after admini- 


was not 


was noted 
stration 


Analgesia.—‘Valmid’ did not have any analgetic 
effect by either subcutaneous or oral administration 
in rats as measured by the pain threshold changes 
according to a modification of the method de- 
scribed by Davies, Raventos, and Walpole (8) 
Oral doses of 50, 100, 200, and 400 mg./Kg. and 
subcutaneous doses of 25, 50, 100, and 200 mg./Kg. 
did not alter the pain threshold 

Diuretic Action. — The d-uretic action was assessed 
in four anesthetized dogs that received 25 cc./Kg. 
of physiological saline one hour before catheteriza- 
tion. Urine samples were obtained every fifteen 
minutes. Oral doses of 25, 50, 100, and 200 mg./ 
Kg. of ‘Valmid’ showed no diuretic action 

Antipyretic Action.—In febrile rats, oral doses of 
50 and 100 mg./Kg. of ‘Valmid’ had no antipyretic 
effect 

Local Anesthetic Studies.-A 1% solution of 
‘Valmid’ in PEG 200 produced a distinct anesthesia 


The underscored portions show the effect of loud noise (hand clapping) on the EEG 


when injected intradermally in guinea pigs al 
though its topical application to the eyes caused 
no loss of sensitivity 

Irritation. ‘Valmid’ pro 
duced a mild degree of irritation following intra 
muscular injection in dogs, negligible to moderate 
irritation after intracutaneous administration in 
rabbits, and slight damage following intravenous 
injection in rabbits 

Chronic Toxicity.—Two species, rats and dogs, 
were chosen for these studies. All animals received 
the drug by 
than six months without exhibiting toxic signs 

(a) Rats The method used was essentially that 
published previously from 
Twenty-five female rats, weighing 75-07 Gm., were 
divided into five groups 
rat ration and 
groups were given diets containing 0.25, 0.50, 1.0, 
and 2.0% ‘Valmid’, respectively The mean 
growth curves for the five groups are found in Fig 
2 It is obvious that the rats fed the 0.25% diet 
gained weight comparable to the controls, and that 
those given the 0.5 


The same solution of 


mouth daily in large doses for more 


these laboratories (0 
One group was fed normal 


served as a control The other 


and 1.0% diets showed only a 
slight retardation of growth 

Table II shows the average daily food and drug 
intake during the first and last month of treatment 
It is apparent that each day during the last month 
rats fed the 0.5% diet consumed a quantity of 
‘Valmid’ equivalent to the acute LD. Even 
more striking is the fact that rats receiving 2 to 4 
times the acute LD,» each day survived and gained 
weight. This phenomenon has been noted before. 
The fact that the dose is consumed over a prolonged 
period as contrasted to a large dose at one time by 
stomach tube helps to lessen the toxic effects. This 
undoubtedly 1s more pronounced with a compound 
such as ‘Valmid’ that is rapidly metabolized 
Also, the presence of food prevents rapid absorption. 
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Fig The mean growth curve of rats fed diets 
containing various concentrations of ‘Valmid’. 


During the study, one rat in the control group 
was killed accidently after fifty days and one from 
the 2.0% group died after twenty days. All others 
survived the test period of twenty-eight weeks 
They were sacrificed and submitted for necropsy 
Sections of the heart, lungs, liver, spleen, kidneys, 
thymus, thyroid, and adrenal glands were examined 
grossly and microscopically. The stomach and 
intestines were subjected to macroscopic study only. 
All of these organs were normal in the 23 rats that 
survived. The rat that died after twenty days 
on the highest concentration had malnutrition, 
atrophy of the thymus, and shallow erosions and 
petechiae in the gastric mucosa. Terminal eryth- 
rocyte, leukocyte, and differential counts and 
hemoglobin levels were indistinguishable for the 
rats in the control and treated groups 

(6) Dogs.—Six female mongrel dogs were used 
for the chronic toxicity studies. Daily doses of 25 
and 50 mg./Kg. were selected, the latter being the 
HDs» as shown in Table I. Since it was planned to 
continue the study for six months or longer, it was 
felt that the hypnotic dose was the largest that 
could be used without seriously affecting the food 
intake. All administered in gelatin 
capsules soon after 8:00 a. m. daily so that sedation 
or hypnosis had disappeared by feeding time. This 
was continued for two hundred and five days, in- 
cluding Saturdays and Sundays. The dog numbers, 
daily dosage, and initial and final body weights are 
found in Table III. Normal weight gains were 
found in all dogs. 


doses were 


TABLE II. 


Moath———_ 
Av. Daily 


% Food Intake, 


> Drug 
in Diet 
Control 
0.25 


Av 
m 


34 
58 
99 
132 


Daily Drug Intake 


mg 


1 
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TaBLe IIiI.—Errect on Bopy WeIGcuts or Docs 
THAT RECEIVED ‘VALMID’ ORALLY FOR 28 WEEKS 


Body Weights 

Daily At 
Dog 

Number 
3629 
3877 
4223 
1279 
4301 
41339 


Initial, Necropsy 
kK 


Blood and urine samples were obtained prior to 
and frequently during the treatment period. Hema- 
tocrit and hemoglobin values and erythrocyte 
counts increased while leukocyte and differential 
counts showed the usual variations within normal 
limits. No real alteration in the whole blood clot- 
ting times or the clot retraction times occurred and 
blood sugar levels remained within the normal range 
throughout the test. Blood nonprotein nitrogen 
values were within normal limits except for a few 
instances. Albumin was present in the urine on 
frequent occasions. This condition has been re- 
ported previously in untreated control dogs and 
may be due to the high protein diet or the state of 
estrus. Freese, ef al. (10), reported that 28 of 54 
stock dogs spontaneously showed albuminuria 
Urines were essentially free from sugar at all times 
Terminal bone marrow counts showed no hemato- 
poietic damage. 

All dogs survived the test period during which 
each received 205 consecutive daily doses. They 
were sacrificed and submitted to necropsy. Gross 
and microscopic examination of all tissues enumer- 
ated previously were made. In dog No. 4223 one 
group of convoluted tubules was filled with erythro- 
cytes. The medulla showed diffuse slight fibrosis 
and some tubules contained hyaline eosinophilic 
casts. These changes were not likely to be due to 
the treatment. No other abnormalities in any dog 
were found. 

Metabolic Studies.—All indications were that 
‘Valmid’ was rapidly metabolized. As _ further 
evidence, rats were administered single oral doses 
of 100 or 200 mg./Kg. No alteration of the growth 
curve or effect on the food intake could be detected. 

It was hoped that suitable methods could be de- 
veloped to study the absorption and excretion of 
‘Valmid’. The urine from dogs that received 
oral doses of as much as 200 mg./Kg. was analyzed 
for ‘Valmid’ content by both the methods of 
Langecker, et al. (1), and Perlman and Johnson (11). 
The characteristic silver precipitate was absent. 
A small amount of oily black precipitate occurred 


AVERAGE Dat_y Foop AND DruG INTAKE IN Rats FeEp VARIOUS CONCENTRATIONS OF ‘VAL- 
MID’ IN THE Dret FoR 28 WEEKS 


Av. Daily 
Food Intake, 
Gm 
14 
14 
13 
10. 


Av. Daily Drug Intake 

mg mg./Kg. 
221 
23 
786 
269 


148 
332 
631 
1370 
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which did not lend itself to subsequent analysis. 
‘Valmid’ added to these urine samples was 95 
100% recovered and accounted for by either of the 
above methods. Thus it appears that in the dog 
neither ‘Valmid’ nor any acetylinic degradation 
product is excreted in the urine. 

Blood concentrations of ‘Valmid’ were deter- 
mined in a dog that had received an oral dose of 
200 mg./Kg. Levels of 55, 115, and 110 yg./ce 
were found ninety, one hundred and fifty, and two 
hundred and forty minutes after dosing. The ani- 
mal was ataxic at the time the first sample was 
taken, and was anesthetized during the subsequent 
samples. Lower concentrations of ‘Valmid’ were 
beyond the sensitivity of the method so that tissue 
level studies were not practical. However, studies 
were undertaken to determine which organs were 
responsible for the degradation of ‘Valmid’ in the 
body. For this purpose, the possible roles of the 
liver and kidneys in altering the sleeping time in 
rats were studied. Five groups of rats were used: 
i. e. (a) rats with liver damage due to carbon tetra- 
chloride; (+) bilaterally nephrectomized rats; (c) 
sham operated rats; (d) ether control; and (e 
normal control rats. For this study, sleeping time 
was measured by the loss and return of the righting 
reflex. Because rats pretreated with carbon tetra 
chloride were more sensitive to ‘Valmid’ the me- 
dian effective dose (ED,)) was determined in these 
rats by oral administration to be 109.9 + 9.89 mg., 
Kg. EDs in the normal rats from the same group 
was 257.8 + 12.9. This figure differs somewhat 
from the value determined previously and reported 
in Table I. Several factors such as body weight, 
temperature, time of day, etc., may have influenced 
these results. The mean sleeping times in the vari- 
ous groups are listed in Table IV. 

TasLe IV.—Errect or LiveR DAMAGE AND 
NEPHRECTOMY ON THE SLEEPING Time or Rats 
AFTER VALMID’ 


Av. Sleeping 


Dose Time = 

Treatment mg./Kg Min 
Control 25S 96.0 + 12.0 
Liver damaged 110 320.0 + 41.0 
Control 180 53.6 + 18.0 
Nephrectomized 180 74.7 + 9.0 
Sham operated 180 150.9 + 29.0 
Ether control 180 83.7 + 29.0 


It is apparent that the animals with extensive 
liver damage resulting from carbon tetrachloride are 
more sensitive to ‘Valmid’ and exhibit a markedly 
prolonged sleeping time. The effect of nephrectomy 
is questionable since both sham operated and ether 
control animals had longer sleeping times than did 
those with bilateral nephrectomy, 

Thus it appears that the liver plays a prominent 
role in the detoxification of ‘Valmid’. 


CONCLUSIONS 


1. In mice, rats, and dogs ‘Valmid’ appears 
to be a potent short-acting hypnotic with ap 
proximately the same therapeutic index as seco 
barbital sodium. 

2. The duration of action by intravenous or 


oral administration in rats and dogs was approxi 
mately one-half that of secobarbital sodium. 

3. In rats by oral administration ‘Valmid’ 
prolonged the hypnotic and anesthetic effect of 
secobarbital sodium. 

4. Electroencephalographic studies suggest 
that ‘Valmid’ has a mode of action similar to the 
barbiturates. 

5. Intravenous injection of ‘Valmid’ into 
dogs already anesthetized with this material 
lowered the blood pressure and slowed the heart 
rate and respiratory rate. Repeated injections 
produced death by respiratory failure. The 
respiratory failure could be antagonized by picro- 
toxin or artificial respiration. 

6. ‘Valmid’ showed a protective action in 
rats against electroshock and Metrazol® shock. 

7. There was no evidence of antipyretic, 
analgetic, or diuretic action. 

8. Intracutaneous injection showed some 
local anesthetic effect. 

9. Rats fed diets containing as much as 2 per 
cent ‘Valmid’ survived and gained weight during 
a 28-week study. No visceral or hematopoietic 
damage was produced. 

10. Dogs that received daily doses of 25 and 
50 mg./Kg. daily for two hundred and five days 
survived, gained weight, and were normal at 
necropsy. Again no hematopoietic damage was 
apparent. 

11. ‘Valmid’ could not be detected in the 
urine of dogs that received 50 mg./Kg. orally 
daily. Minimal detectable quantities were re 
covered in the blood of a dog that had 200 mg 
Kg. 

12. Rats that had liver damage from carbon 
tetrachloride showed a prolonged sleeping time 
whereas bilaterally nephrectomized rats re 
covered within normal limits. Apparently, the 
liver plays a role in the degradation of ‘Valmid.’ 

13. ‘Valmid’ is a rapid and _ short-acting 
hypnotic of low toxicity. It may be tried as a 
sedative for patients suffering from insomnia 
where a nonbarbituric acid hypnotic is preferred 
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An Investigation of the System: 
Sorbitol-Sucrose-W ater* 


By EDWARD S. ARNISTA, LEONARD F. GREENBERG, MARTIN BARR, 


and 


LINWOOD F. TICE 


A method has been developed for the analytical determination of sorbitol-sucrose 


water systems. 


The sucrose content is determined by the Lane-Eynon Method, 


sorbitol not interfering. Sorbitol concentration is determined by a modified T.G.A. 

Method 47 using periodic acid oxidation, both invert sugar resulting from the pro- 

cedure and sorbitol undergoing oxidation. 

rected for the amount equivalent to the invert sugar and the sorbitol concentration is 

then calculated. The solubility behavior of sorbitol-sucrose-water systems at 25° 
is reported. 


S RBITOL is a hexahydric alcohol having the 
empirical formula CsH,O. and a molecular 
weight of 182.2. It is finding increasing use in 
product formulation because of some of the prop- 
erties it possesses, among which may be men- 


tioned its sweet taste 


(approximately 60°, as 
sweet as sucrose), humectant action, chemical 
inertness, relatively high viscosity in aqueous 
solution, uniformity, and availability. It is ac 


ceptable as a wholesome ingredient for foods and 
ingestible pharmaceuticals. 

Because of its extensive use 
to study the in 
various systems. This paper deals with the in- 
vestigation of the aqueous solubility of sorbitol- 


, it was deemed ad 


visable solubility of sorbitol 


sucrose combinations in saturated solution. 


EXPERIMENTAL 


Solubility studies were carried out on saturated 
sorbitol'-sucrose*-water solutions. Sucrose content 
was determined by the Lane-Eynon general volu- 
metric method (1), sorbitol not interfering. Sor- 
bitol concentration was determined by a modified 
T. G. A. Method 47 (2) involving periodic acid 
oxidation, both invert sugar resulting from the pro- 
cedure and sorbitol undergoing oxidation. The 
periodic acid consumption corrected for the 
amount equivalent to the invert sugar and the sor- 
bitol concentration is then calculated 

The basis of the periodic acid oxidation reaction 
is that compounds having two hydroxyl groups 
attached to two adjacent carbon atoms are char- 
acterized by the of the carbon-carbon 
bond. Carbonyl compounds in which the carbonyl 
group is adjacent to a hydroxyl group are also oxi- 
dized. Sorbitol, being a hexahydric alcohol, 
acted upon as described by Malaprade (3). Sucrose, 


1s 


cleavage 


1s 


on being inverted to dextrose and fructose, is oxi- 
dized by periodic acid 
In order to validate the analytical method, peri- 


odic acid titrations were carried out on known aque- 
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The periodic acid consumption is cor- 


ous solutions of sucrose (Table I) and sorbitol- 
sucrose (Table II). It was observed during the 
study that invert sugar showed a small but constant 
overconsumption of periodic acid. This factor was 
taken into consideration in the mathematical cal- 
culation of invert sugar-periodic acid consumption. 

For the preparation of the experimental solu- 
tions, a quantity of four-ounce tincture bottles were 
thoroughly cleansed and dried. Several dozen 
rubber stoppers were boiled in a sodium hydroxide 
solution to remove any impurities and then rinsed 
thoroughly with distilled water. The points of 
saturation were approached by (a) adding sorbitol 
solutions of various concentrations to powdered 
sucrose and (>) adding sucrose solutions of various 
concentrations to powdered sorbitol. In each in- 
stance multiple series of samples were prepared by 
adding the sorbitol (or sucrose) solutions to increas- 
ing amounts of the powdered sucrose (or sorbitol). 
The bottles were then tightly stoppered, placed in a 
reel with a capacity of 12 bottles, which was im- 
mersed in a constant temperature bath and rotated 
by a chain drive from a small gearhead motor at 
25° for forty-eight hours. Clear solutions were dis- 
carded. Those which showed solid phase were 
considered to be saturated and were then strained 
through cotton in a closed system. Under cir- 
cumstances of marked supersaturation of sorbitol, 
gelation occurred and the solutions were unmanage- 
able. Sucrose concentration was determined by the 
Lane-Eynon method. Results obtained were that 
of a weight-volume per cent and were converted to 
weight-weight per cent by use of the specific gravity 
of the solution as determined by the pycnometer 
method. The sorbitol concentration was deter- 
mined by the periodic acid titration method as pre- 
viously mentioned. 


PERIODIC ACID TITRATION METHOD 


Reagents.—Sodium meta-periodate (G. Frederick 
Smith Chemical Company), 13.25 Gm./L. in dis- 
tilled water; hydrochloric acid 1 N; sodium hydrox- 
ide 5 N; sulfuric acid 1 N; sodium arsenite 0.025 N 
with sodium bicarbonate as a buffer; potassium 
iodide 10% w/v; starch indicator solution, 3 Gm. 
soluble-starch Merck reagent dissolved in 500 ml. 
distilled water and with 20 mg. of mercuric iodide as 
a preservative; sodium bicarbonate Merck reagent, 
finely powdered. 

Procedure.—To about 500 mg. of sample add 
100 ml. of 1 N hydrochloric acid and allow to stand 
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for three days or heat in a water bath at 80° for 
two hours. Cool to 25° and dilute to 250 ml. in a 
volumetric flask with distilled water. Pipet accu- 
rately a 10-ml. portion into a 250-ml. flask and make 
alkaline to litmus with 5 .V sodium hydroxide 
Next acidify to litmus with 1 .V sulfuric acid. To 
this pipet accurately 10 ml. of sodium periodate solu 
tion and allow to stand for 48 hours. After the 
elapsed time, add 20 ml. of distilled water and a 
slight excess of sodium bicarbonate. Add 10 ml. of 
potassium iodide solution and allow to stand for 
3-5 minutes. Titrate the iodine released with 
0.025 N sodium arsenite solution using starch solu- 
tion as indicator. A blank using the same reagents 
and procedure should be run at the same time. 

Calculations.—The sorbitol concentration may be 
calculated as follows: 


% Sorbitol = 
25(B — S — X) X N NaAsO» X 18.22 * 100 
wt. sample X 1LOOO 


in which B = ml. sodium arsenite solution required 
for blank; S = ml. sodium arsenite solution re- 
quired for sample; X = ml. sodium arsenite solu- 
tion equivalent to the sucrose content of sample as 
determined by the Lane-Eynon method; and 
18.22 = equivalent weight of sorbitol (2). 

From the sucrose concentration (expressed as 
weight per cent) determined by the Lane-Eynon 
method, the amount of sodium arsenite equivalent 
to the sucrose may be obtained as follows: 


weight invert sugar 


Weight sucrose = 1.0526 
Weight ‘; invert sugar = 
25 (B’ — S") N NaAsO. X 20 100 
wt. sample X overconsumption factor & 1000 


Hence: 


= = 
Wt. “ invert sugar X wt. sample 
overconsumption factor LOOO 
25 X N NaAst)) X 20 100 


in which (B’ — S’) cifference between the ml 
sodium arsenite solution consumed in the blank and 
sample titration, equivalent to the sodium periodate 
consumed by the sucrose as invert sugar and 20 = 
the equivalent weight of invert sugar on the basis 
of reaction of fructose and dextrose with periodic 
acid (4) 


20 = 
(Eq. wt. dextrose & moles HIO, consumed) + 
(Eq. wt. fructose X moles HIO, consumed) 
Total moles HIO, consumed by invert sugar 
(18 5) + (22.5 4) 


20 
9 


Overconsumption Factor—As explained later in 
this paper, the factor has a value of 1.045 


RESULTS AND DISCUSSIONS 
The sorbitol used in this study was found to con- 


tain 0.05% reducing sugars. Since the sorbitol was 
the purest obtainable and since the small amount 
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of reducing sugars did not interfere materially with 
the experimental procedures, the sorbitol was con- 
sidered to be 100% pure 

It may be observed from the data in Table | that 
the experimentally determined concentrations of the 
various sucrose solutions were slightly greater than 
the known concentrations, i. e., there is a slightly 
greater amount of periodate consumed by invert 
sugar during actual titration than may be calcu- 
lated. This phenomenon has previously been ob- 
served in periodate oxidation titrations with carbo- 
hydrates (5). Investigation on dextrose and fruc- 
tose separately indicate that the latter is responsible 
for the overconsumption. The overconsumption 
was found to be constant within experimental error 
Therefore, an overconsumption factor was estab 
lished (1.045) which, when applied to the calcula- 
tions for sucrose concentration, eliminates the error 
that is imparted by the overconsumption 


TABLE I.—ANALYSIS OF KNOWN SucROSE SOLUTIONS 
WITH PERIODATE* 


Overconsumption 


Known Found Factor 
Si Sucrose (Ratio of Found 

to Known 

10.56 1.050 

15.80 1.045 

25.87 1.046 

38 S82 1.043 

53.30 1.043 

O4.85 1 (M44 

Average 1.045 


w/w invert sugar 
1.0526 


W/w Sucrose 


The validity of the analytical method was checked 
in the assays of known sorbitol-sucrose solutions of 
varying strengths as reported in Table II. The 
experimentally determined concentrations of sor- 
bitol are within experimental error range of the 
known sorbitol concentrations 

The concentrations of sorbitol and sucrose in 
saturated aqueous solutions at 25° are listed in 
Table III and Fig. 1 and 2. It was not possible to 
prepare saturated solutions of sucrose and sorbitol 
in water in which the sucrose concentration was less 
than 19.2% w/w or 25.7% w/v sucrose. If 
the sucrose concentration is reduced below these 
levels and additional sorbitol is added in an effort 
to form a saturated solution, a hydrated product 
of semisolid consistency is formed as a result of the 
affinity of sorbitol for the water in the solution 
For this reason, the curves in Fig. 1 and 2 are 
extrapolated from the aforementioned sorbitol 
sucrose levels to the point representing a saturated 
solution of sorbitol in water, 71.9% w/w or 94.0% 
w/v sorbitol 


TaBLe II.—ANALYsIS OF KNOWN SoRBITOL- 
SUCROSE SOLUTIONS 


Known Found Known Found 
Sucrose, Sucrose, Sorbitol, Sorbitol, 
wiw w/w wiw w/w 
10.07 10.05 51.35 5L.15 
15.65 15.42 24.58 24.40 


53.39 54.11 10.24 10.16 


» 
c 
| | 
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OF SORBITOL-SUCROSE 
CONCENTRATIONS IN SATURATED AQUEOUS SoLuU- 
TION AT 25°C. 

— — 3 

Specific Sucrose Sorbitol, Sucrose, Sorbitol 
Sample Gravity w/v % w/v w/w w/w 
l 1.308 0.0 94.0 0.0 71.9 
2 1.342 25.7 74.2 19.2 55.3 
3 1.356 37.1 65.5 27.4 13 
1.360 15.8 56.6 33.7 41.6 
1.354 50.6 38.0 37.4 
1 304 53.1 9 2 38.40 | 
7 1.347 63.4 47.1 25 6 
S 1.337 84.1 7.5 62.9 5.6 
9 1.335 O.0 67.4 0.0 

100r 


% SUCROSE 


20 40 60 80 100 
% SORBITOL 


Fig. 1.—Sorbitol-sucrose solubility in aqueous satur- 


ated solution at 25° C. 


It must be emphasized that extreme care must be 
taken in the assay of sorbitol-sucrose solutions dur- 


A Pharmacologic Study 


By G. VICTOR ROSSI, T. S. 


ScrENTIFIC EDITION 


© 20 40 60 60 
% SUCROSE 


Fig. 2.—Phase diagram of sorbitol-sucrose solubility 


in aqueous saturated solution at 25° C. 


ing the inversion process. If any caramelization 
whatsoever occurs, the accuracy of the determina- 
tion will be impaired. The authors found that solu- 
tions inverted by acid without the use of heat pro- 
duced slightly more consistent assay results and 
recommend this method of inversion for more pre- 
cise determinations. 
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of Calcium Methionate* 


MIYA, and L. D. EDWARDS} 


Calcium methionate has certain advantages over calcium gluconate from the phar- 


maceutical manufacturer's view 
cium content, greatly increase 
stabilizers. 
cium gluconate. 


SOLUBLE, stable, relatively nontoxic, well- 
‘tolerated form of calcium which could be 
administered orally and parenterally would be a 
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int, including an almost 50 per cent higher cal- 

water solubility, and elimination of the need for 

It offers the clinician a potential therapeutic usefullness parallel to cal- 

Calcium methionate affords a relatively nontoxic, apparently well- 

tolerated form of calcium medication for oral and intravenous administration, with 
little concomitant anion effect. 


significant addition to the medical armamen- 
tarium. Preliminary experimentation by Jen- 
kins (1) indicated the calcium salt of methylene 
disulfonic acid (methionic acid) to be the most 
promising of a series of calcium sulfonates. 
This study was designed to evaluate further the 
potentialities of calcium methionate and compare 
its pharmacological actions with calcium com- 
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pounds whose clinical value has been extensively 
investigated. Certain tests were made to de 
termine the pharmacological activity of the 
methionate radical. 


EXPERIMENTAL 


Calcium chloride, calcium gluconate, and re- 
crystallized calcium methionate used in this study 
assayed 27.2, 9.2, and 17.4% calcium, respectively 
All tests were performed with equimolar concentra- 
tions of the various calcium compounds on the basis 
of this assay 

The effects of the various calcium compounds on 
the rat blood pressure, rat phrenic nerve-diaphragm 
preparation, and rat uterus preparations (in vitro 
and in situ) were not significantly different and the 
effects were all those to be expected from the cal- 
cium ion. The compounds also had similar spas- 
molytic effects on in vitro guinea pig ileum spasms 
produced by barium chloride, Mecholy!®, and hista- 
mine. No changes in the electroshock seizure 
threshold in rats intraperitoneally injected for five 
days with calcium methionate (200 mg./Kg.) and 
calcium gluconate (378 mg./Kg.) were observed 

Irritation Tests.— Rabbit Eye.—lIrrigation of the 
eyes of six rabbits with 0.1, 0.2, and 0.3 M solutions 
of calcium methionate, calcium gluconate, and cal- 
cium chloride produced no evidence of irritation, 
change in pupil size, or corneal sensitivity. 

Rabbit Ear.—The irritation caused by injection of 
solutions into the dorsal surface of the ears of six 
rabbits was evaluated by the procedure of Kuna 
and Cuchie (2). Noticeable irritation occurred with 
0.05 and 0.10 M solutions of calcium methionate, 
calcium gluconate, and calcium chloride. Higher 
concentrations (0.2 and 0.3 M) resulted in marked 
erythema and edema. Examination after two 
weeks revealed that the areas injected with 030 WM 
calcium chloride were indurated and _ necrotic, 
whereas evidences of irritation produced by the 
other compounds had largely disappeared. 

Rat Gastrocnemius——The method of Swanson, 
et al. (3), for rating muscular irritation in the sacro- 
spinalis muscles of rabbits was adapted to the rat 
gastrocnemius. Six muscles at each concentra- 
tion were employed for the test. Examinations of 
the excised muscles seventy-two hours after injec- 
tion of 0.1 ml. of 0.05 and 0.10 M solutions of cal- 
cium methionate, calcium gluconate, and calcium 
chloride revealed mild to moderate hyperemia and 
edema. Those muscles injected with 0.2 and 0.3 
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M calcium solutions exhibited severe tissue de 
struction. Muscles examined one week after injec 
tion with 0.2 M solutions showed marked regression 
of tissue damage, except muscles injected with 
calcium chloride which were indurated and necrotic. 

Acute Toxicity in Mice and Rats.—Albino Swiss 
mice, 18-32 Gm., and Sprague-Dawley rats, 125- 
200 Gm., were used for LDs» determinations. Mor- 
talities were recorded twenty-four hours after in 
travenous and forty-eight hours after subcutaneous 
injection. LDso values and their respective limits of 
error, calculated by the graphic method of DeBeer 
(4), are given in Table I. In every case the LD,» 
was determined by administration of the compounds 
to four or five dosage groups with 10 animals at each 
dose. 

Comparative Study of the Effects of Prolonged 
Oral Administration of Calcium Methionate and Cal- 
cium Gluconate.—Three groups, each composed of 
four male and two female rats averaging 65 Gm., 
were maintained in large plastic cages and allowed 
free access to Purina Laboratory Chow and water 
throughout the eight-week observation period 
Each sex was housed separately. One group was 
administered 200 mg./Kg. per day of calcium meth- 
ionate by stomach tube, a second group received 
378 mg./Kg. per day of calcium gluconate and a 
third group remained untreated. Water was used 
as the solvent and volume was limited to less than 
1.0 ml. per dose. Dosage was based on individual 
weight recorded prior to each feeding. 

Weight Increase —-Prolonged feeding of either cal- 
cium methionate or an equimolar amount of calcium 
gluconate did not appreciably affect the growth rate. 

Erythrocyte, Leucocyte, and Eosinophil Counts 
Blood samples were taken from the tail vein 
Standard procedures, such as described by Kolmer 
and Boerner (5), were employed for red and white 
cell determinations. The technique of Pilot (6) 
was followed in counting eosinophils. Means and 
confidence limits of the erythrocyte, total leucocyte, 
and eosinophil counts, determined at weekly inter 
vals, are presented in Table II. All counts were 
within the range of accepted normal values (7, 8) 

Blood Pressure.—At the end of the test period, 
the systolic blood pressure of each rat was deter- 
mined with a photoelectric tensometer.!. No marked 
variation from the normal occurred in either test 
group. 

Bone Composition.—The femur was removed 


! Photoelectric-Tensometer, Model FAD-1, Metro Indus 
tries 


Tar_e I.—Comparative Data or ACUTE Toxicity IN MICE AND Rats 


LD» — ——Intravenous —Subcutaneous 
Compound Mice Ratio ats Ratio Mice Rati 

Calcium methionate 

mM/Kg. 1.82 1.0 1.42 1.0 4.67 1.0, 

mg./Kg. 422 329 1085 j 

Limits of error, % 84-119 88-114 91-110 ; 
Calcium gluconate 

mM/Kg 2.70 0.67 2.12 0.67 6.45 0.73 

mg./Kg. 1210 952 2890 

Limits of error, % 90-111 92-109 90-111 
Calcium chloride 

mM/Kg. 1.50 1.21 

mg./Kg. 220 

Limits of error, % 91-110 
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TABLe II MEAN ERYTHROCYTE, LEUCOCYTE, AND Eostnopuit Count OF Rats DURING PROLONGED ORAL 
CaLtcium ADMINISTRATION 


Calcium Methionate, Calcium Gluconate, 


Blood Cell Controls 200 mg./Kg./day 378 mg./Kg. /day 
Erythrocytes" 7 97 7.75 7.80 
(7.31-8.63) (7.19-8.31) (7. 20-8. 40) 
Leucocy tes" 12.52 12.73 12.65 
(11.42-18 62 (11.24—14. 22 (11.67-13.63) 
Eosinophils‘ 157 125 111 
(115-199) (92-158) (88-134) 
* Millions per cu. mm. Thousands per cu. mm © Total cells per cu. mm. Each figure represents the mean of 8 weekly 


determinations on six rats. Confidence limits at the 95°) level are given in parentheses 


from both legs of each rat and the 12 bones in any 
one group were combined and treated as a unit. 
After removing adherent flesh with warm dilute 
sodium hydroxide the bones were dried for forty- 
eight hours at 100° and then coarsely powdered 
Accurately weighed aliquots were ashed to constant 
weight at 1100°. The ash was analyzed for calcium 
content by a standard gravimetric procedure (9). 
No appreciable difference was evidenced in either 
dry weight, total ash, or calcium content of the fe- 
murs from control rats and those fed calcium me 
thionate or calcium gluconate 

Histologic Changes Autopsy at the end of the 
test period revealed no gross pathology in any of the 
viscera. Histologic sections of the pylorus, duo 
denum, liver, spleen, pancreas, heart, and dorsal 
aorta, stained with hematoxylin-eosin, indicated no 
apparent pathologic changes. Albuminous degen- 
eration of the kidney was noted in both test groups 
to a greater extent than in control group. Sections 
of the adrenal gland from both test groups exhibited 
increased vacuolation in the zona glomerulosa, re- 
duction in the differentiation in the cortical zones, 
and some medullary congestion.? 

Effect of Calcium on the Blood Sugar Level of 
Rats.—-Numerous investigators have demonstrated 
the effect of disulfonic acids on the metabolism of 
certain dicarboxylic acid intermediates (10-12). 
Tietze and Klotz (13) observed that methionic acid 
inhibits the succinic acid oxidase system. It ap- 
peared plausible that the methionate radical might 
affect blood sugar level, perhaps by interfering with 
certain stages in the metabolism of carbohydrates 

Calcium methionate (200 mg./Kg.) and calcium 
gluconate (378 mg./Kg.) were administered to rats 
daily for eight weeks. Blood sugar levels were de- 
termined according to the method of Hoffmann 
(14) after seven, twenty-one, and sixty days of 
feeding. In each instance blood was withdrawn 
six hours after the last oral administration. The 
effect of a single intravenous administration of 
equivalent doses of both calcium compounds on the 
blood sugar levels was also studied. 

Although the average blood sugar levels of the 
rats increased slightly during the oral calcium test 
period, there was no significant difference between 
the test and control groups at any one time interval. 
A single intravenous injection of either calcium 
methionate or calcium gluconate did not signifi- 
cantly affect the blood sugar level as determined 
two, four, and eight hours after administration. 

Serum Calcium Levels Following Oral and In- 
travenous Administration of Calcium Methionate 


2? Examined by Dr. L. P. Doyle, School of Veterinary 
Science, Purdue University 


and Calcium Gluconate.—Calcium concentration in 
the serum was determined by spectrophotometric ti- 
tration with the chelating agent disodium dihydro- 
gen ethylenediaminetetraacetate (EDTA), using 
ammonium purpurate (Murexide) as the indicator, 
according to the method described by Fales (15) 
Serum calcium levels were followed after oral ad- 
ministration of 200 mg./Kg. of calcium methionate 
and 378 mg./Kg. of calcium gluconate to rats fasted 
for twelve hours. Similar determinations were 
made after intravenous injection of equivalent doses 
of both calcium compounds. 

Only slight elevation of serum calcium was de- 
tected thirty and sixty minutes after oral adminis- 
tration of calcium methionate and calcium gluco- 
nate. Intravenous injection of similar doses pro- 
duced sharp increases in serum calcium (Fig. 1). 
Five minutes after injection of either salt the blood 
titers were at approximately the same high level. 
Calcium methionate disappeared from the blood 
significantly faster than calcium gluconate, but 
thirty minutes after injection both groups had re- 
turned to a point slightly above normal. 

Absorption of Calcium Methionate and Calcium 
Gluconate from Rat Intestine.—Albino rats, 150-250 
Gm., divided equally between the sexes, were main- 
tained in wire-bottom cages to prevent access to 
feces. Purina Laboratory Chow and water were 
supplied freely until twenty-four hours before the 


te 


BLOOD CALCIUM 


PER CENT 


M¢ 


10 


0 5 10 15 20 2% 30 
MINUTES 
Fig. 1.——Blood calcium levels following intra- 
venous injection of calcium into rats. Legend: 
@ Calcium Methionate, 200 mg./Kg.; O Calcium 
Gluconate, 378 mg./Kg. Each point represents the 
average of 12 or more determinations. 
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test, at which time only food was withheld. The 
operative technique described by Riedesel and Hines 
(16) was employed. With the terminal ileum 
ligated, 2.0 ml. of a warmed aqueous calcium solu- 
tion was injected into the upper end of the duo- 
denum. At the end of the respective absorption 
periods, the entire small intestines excised from the 
six rats in each group were pooled and analyzed as a 
unit 

The intestines were digested with 20 ml. of con 
centrated sulfuric acid and 100 ml. of concentrated 
nitric acid. After removal of excess acid by evapor- 
ation, 25 ml. of a 0.5 M ammonium oxalate solution 
was added and the mixture was adjusted to pH 8 
with strong ammonium hydroxide solution. The 
mixture was heated on a water bath until a coarse 
precipitate of calcium oxalate developed, allowed to 
cool, and filtered through No. 40 Whatman ashless 
filter paper. After repeated rinsing with cold 0.01 
M ammonium oxalate, the filter paper was trans- 
ferred to a previously weighed crucible and ashed 
to constant weight at 1100°. In each instance a 
group of control rats of similar total weight was 
treated in an identical manner, with the exception 
that the calcium compound was added to the pooled 
intestines after their excision. The difference be- 
tween the control and test residues was considered 
to represent the calcium absorbed. 

The amount of calcium methionate (100 mg./rat) 
and calcium gluconate (189 mg./rat) absorbed after 
one, three, six, anc ten hours is shown in Fig. 2. 
The dose of both compounds administered was 
equivalent to 17.4 mg. of calcium. Maximum ab 
sorption appeared to occur within six hours. Al- 
though calcium methionate was absorbed somewbat 
faster than calcium gluconate, the total effect as 
viewed over a ten-hour period was practically iden 
tical 


DISCUSSION 


Calcium methionate has certain advantages in- 
cluding an almost 50% higher calcium content, 
greatly increased water solubility, and elimination 
of the need for stabilizers. Calcium methionate of- 
fers a potential therapeutic usefulness parallel to 
calcium gluconate. It affords a relatively nontoxic, 
well-tolerated form of calcium medication for oral 


40 
> ° 
35 
Va 
30 

= 

4 400 


HOURS 
Fig. 2.—Absorption of calcium methionate and 
calcium gluconate from rat intestine. Legend: @ 
Calcium Methionate; O Calcium Gluconate. Each 
point represents the difference between 6 pooled con- 
trol and 6 pooled test samples. 
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and intravenous administration, with little con- 
comitant anion effect. 


SUMMARY 


1. Comparison of the effects of calcium meth- 
ionate, calcium gluconate, and calcium chloride 
on blood pressure, smooth muscle of the ileum 
and uterus and skeletal muscle of the diaphragm 
demonstrated that the characteristic actions of 
the calcium compounds are relatively independ 
ent of the associated anion. 

2. No trace of gastrointestinal irritation was 
noted on prolonged oral administration but sub- 
cutaneous and intramuscular irritation studies 
indicated that calcium methionate should not be 
injected by these routes. 

3. The subcutaneous and intravenous LD, 
doses of calcium methionate and calcium glu 
conate in mice and intravenous LD doses in 
rats represented many times more calcium than 
is generally injected in clinical practice. Cal 
cium methionate was consistently more toxic 
than calcium gluconate, but the differences were 
insignificant. 

1. The gross appearance, growth rate, blood 
picture, bone composition, and tissue morphol- 
ogy of rats fed repeated doses of calcium methio 
nate were strikingly similar to others fed calcium 
gluconate. 

5. Calcium methionate was absorbed from 
the gastrointestinal tract to the same extent 
and after intravenous injection raised the blood 
calcium titer of rats to the same peak as calcium 
gluconate. However, the methionate was ab- 
sorbed somewhat more rapidly and disappeared 
from the blood slightly faster than the gluconate 
salt. 
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The Physics of Tablet Compression IX.* 


Fundamental Aspects of Tablet Lubrication 
By W. A. Strickland, Jr., Eino Nelson, L. W. Busse, and T. Higuchi 


A study of lubricants during compression and in finished tablets has shown that, (1) 
lubricants are confined to the surface and intergranular regions of the finished tablets 
and do not mix intimately with the contents of the granules, (2) approximately 1 
per cent lubricant appeared to give nearly optimum granulation lubricity when ap- 
plied to the test granulations used in this study, (3) fluid lubricants appeared to flow 
into tablet voids and unlike solid lubricants did not usually cause significant increase 
in punch forces when added in increasing amounts if the machine settings and 
weights of die fill were constant, (4) the addition of lubricants, e. g., magnesium 
stearate, to granulations tended to produce slightly softer tablets and at the same 
time significantly prolonged tablet disintegration time in the usual concentrations. 


“Tamer GRANULATIONS are not usually suitable 

for tableting procedures without the addition 
of small quantities of materials which enhance 
the processing granulation. 
rhe 
are: (a) to reduce friction between the granula- 


qualities of the 
more important reason for such additives 
tion and die wall during compression and ejec- 
tion; (b) to prevent picking by the upper punch 
and sticking on the Jower punch; and (c) to 
facilitate the flow of granulation. This commu 
nication is primarily concerned with evaluation 
and investigation of the first point. 

In an attempt to elucidate the several factors 
effect of 
frictional loss between tablets and die wall both 
the follow- 
(a) the distribu 
tablet, (b) the influ- 


ence of lubricant concentration on degree of lu- 


influencing the lubricants in reducing 
during their formation and ejection, 
ing studies were carried out: 
tion of lubricant within the 
brication, (c) the effect of increasing amounts of 
solid and liquid lubricants on punch forces during 
(d) influence of the method 
the 
lubricants and lubricant concentration on tablet 


tablet compression, 


of lubricant application, (e) influence of 


hardness and disintegration time. 


EXPERIMENTAL 


The general procedures and instruments employed 
in this study have already been described in some 
detail (1, 2). Tablets were compressed with a 
3/,-inch, flat-faced punch and die set at forces of 800 
to 1200 Kg. This corresponded to a pressure of 
approximately 1100-1700 Kg./sq. em. (16,000- 
24,000 Ib./sq. in.) which is somewhat greater than 
normally used in tablet compression. 

The test granulations were starch paste granula- 
tions of sulfathiazole (5% starch) and sodium bi- 
carbonate (3% starch) sieved to collect 10-20 mesh 
granules. In addition, aspirin granulation (Dow, 


* Received May 1955, from the School of Pharmacy, Uni- 
versity of Wisconsin, Madison ; 
Presented to the Scientific Section, A. Pu. A., Miami 


Beach meeting, May 1955 


Supported in part by the Research Committee of the Grad- 
uate School from funds supplied by the Wisconsin Alumni 
Research Foundation 
Mich 


and by Parke, Davis & Co., Detroit, 


Lot No. 3789) containing 10% starch was used as 
received from the manufacturer. The materials to 
be compressed were weighed to the nearest milli- 
gram and placed in 2-inch stoppered test tubes, 
from which the granules were poured into the die 
cavity. 

Unless specified otherwise, 
added to the granulations as 100 mesh or finer 
powders. Liquid lubricants were usually applied to 
tumbling granulation as an ethereal spray. 


all lubricants were 


RESULTS AND DISCUSSION 


Distribution of Lubricants in Compressed Tablets. 
—No earlier attempt seems to have been made to de- 
termine the distribution of lubricant in a finished 
tablet. There has been, however, some interest in 
the question of adherence of lubricants to granules 
prior to compression. Thus, Miinzel and Kagi 
(3) added 10% tale and 5% finely divided stearic 
acid to carbon granules. After thorough shaking, 
microscopic observation revealed that tale generally 
adhered to the black granules, but the distribution 
of stearic acid was decidedly irregular. Other 
workers (4) reported that boric acid colored with 
amaranth became lodged in the roughened cavities 
of aspirin granules (Dow) but did not appear to 
envelope the granules. The conditions and ma- 
terials used in these studies, however, left some 
doubt as to whether or not the conclusions drawn 
would be valid with standard lubricants on repre- 
sentative granulations. 

In contrast to these, the present study was di- 
rected toward determination of lubricant distribu- 
tion during formation of and in the finished tablet. 
In general, experimental observation indicated that 
lubricants added as dry powders seemed to form a 
coat around individual granules which appeared to 
remain more or less intact during the compres- 
sional process. There was no evidence of marked 
tendency of the lubricant to mix intimately with the 
contents of granules during tablet formation. Thus, 
when graphite was used as a lubricant for sulfathia- 
zole tablets, it was observed that when the mottled 
black surface of the tablet was sliced away with a 
sharp blade, the individual granules were clearly 
outlined by the black graphite which adhered to the 
white sulfathiazole granules prior to compression. 
It appeared that the granules were completely 
coated with biack lubricant. Subsequently, sulfa- 
thiazole and sodium bicarbonate test granulations 
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Fig. 1.—Upper half of picture shows white granu 
les of sulfathiazole test granulation. Lower half 


; shows sodium bicarbonate test granulation after 
4 ¢ shaking with approximately 2°; graphite. White 
7 areas on the coated granules are due to reflection 
a from light source. («5 


were shaken with 2% Norite® (activated charcoal, 
U.S. P.) and graphite and compressed into tablets. 
After sectioning the tablets, the granules appeared 
to be completely enveloped with the black materials 
as seen in Fig. 1,2 and 3. 

In order to verify further the existence of indi 
vidual granules enveloped by lubricant in compressed 
tablets, tablets of sulfathiazole and sodium bi- 
carbonate lubricated with 2% magnesium stearate 
were sectioned to a depth of lto3 mm. A strong 
aqueous solution (approx. 5%) of potassium per- 
manganate was sprayed onto the exposed surface 
in a fine mist. The sodium bicarbonate and sulfa- 
thiazole assumed a brown color while the hydro- 
phobic magnesium stearate retained its white color 
Phis procedure yielded the same outline as previ 
ously observed when using black material as lubri 
cant. The sectioned surfaces of other sodium bicar- 
bonate tablets when wetted with phenolphthalein 
(1%) in absolute ethanol and exposed to moist 
breath became light pink in color and the magnesium 
stearate again appeared as fine white lines delin 
eating the boundary of each granule in the tablet 

From these and other experimental procedures 
which included tablets prepared from aspirin granu- 
lation (Dow) it appeared that the granules were 
coated by lubricants under the conditions of this 
work. It should be pointed out, however, that 
there were no “‘fines’’ in these particular granula 
tions and that sufficient lubricant was present (1 
to 2%). 
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Fig. 2.—Various sectional views of sodium bicar 
bonate tablets lubricated with 
the distribution of 


(X 4) 


lubricant 


Norite demonstrating 


in 


finished tablets 


Fig. 3.—Horizontal and vertical plane sections of 
sulfathiazole tablets lubricated with 2°) graphite 
depicting the distribution of lubricant and outline 


of granules. 


(x 5) 


q 
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Aside from its value in clarifying the problem of 
lubricant distribution in tablets, this study provides 
interesting information on the compressional process 
itself. Because the physical dimensions of the com 
ponent granules were clearly outlined even after 
their compression, the influence of the process on 
the shape of the granules can be deduced from these 
photographs by measuring the vertical and lateral 
dimensions of the granules. When the granulation 
was poured into the die cavity all the particles were 
arranged in random distribution so that the ratio 
between the two dimensions was unity prior to com 
pression. The relative deformation, or the ratio of 
the vertical to lateral dimension, of sodium bicar- 
bonate granules in tablets compressed under an 
average maximum punch force of 600 Kg. was 
found to be 0.60-0.64. This order of deformation 
was found to be approximately true, decreasing 
somewhat with increase in pressure of compression, 
for other tablets studied in this series. Apparently, 
lateral deformation of the granules during compres- 
sion is substantially less than their vertical compres- 
sion 

Influence of Lubricant Concentration on Degree of 
Lubrication. 
lubricants on the ratio of lower to upper punch forces 
(R) is shown in Fig. 4. The ratio, as has been pre- 
viously pointed out (2), is a useful index of degree of 
lubrication. This graph shows that such small 
quantities as 0.1% of magnesium stearate, stearic 


The effect of various concentrations of 
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Fig. 4.—-Plot of R values versus °% lubricant when 


applied to sulfathiazole test granulation and com- 
pressed at average punch forces of approximately 
900 Kg. Each point represents the average of five 
compressions 


Maximum lower punch force 


R 


Maximum upper punch force 
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acid, and stearyl alcohol have considerable effect 
in reducing friction. Again, it should be noted that 
the test granulation had no “‘fines’’; the effect of 
these small amounts of lubricants would probably 
be lessened in the presence of a normal range of 
particle sizes 

Most lubricants used in this study yielded little 
improvement in granulation lubricity beyond 1% 
strength. The shape of the R versus concentration 
curves suggests a functional relationship such as 
exists in a Langmuir type adsorption. Indeed, at 
lower lubricant concentrations, an approximate 
agreement with the Langmuir equation is obtained 
if it is assumed that the loss in frictional force with 
addition of lubricant corresponds to proportional 
coverage of the die-tablet interface with the lubri- 
cant. 

Effect of Increasing Amounts of Lubricant on 
Punch Forces Exerted During Compression with 
Solid and Liquid Lubricants.—If a given weight of 
granulation containing varying amounts of solid 
lubricant is fed into a die cavity, the force exerted 
by the upper punch, at a constant machine setting, 
will usually increase with the amount of lubricant 
present. This is because the density of most lubri- 
cants is appreciably less than the density of other 
components in the granulation. With liquid lu- 
bricants, however, this relationship does not neces- 
sarily follow. 

A series of tablets containing various amounts of 
both liquid and solid lubricants was compressed 
in the instrumented tablet machine at constant 
settings. The same weight of sulfathiazole granula- 
tion (0.380 Gm.) was used each time. The results 
in terms of upper and lower punch forces are shown 
in Fig. 5. As expected the upper punch force de- 
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Fig. 5.—Plot of punch forces versus per cent liquid 


and powdered lubricant when applied to sulfathia- 
zole test granulation and compressed at constant 
machine setting 


creases sharply for the solid lubricant and exhibits 
a minimum in the neighborhood of 1%, beyond this 
point the force rises gradually. With liquid lubri- 
cant, on the other hand, there is no minimum but a 
gradual decrease in upper punch force which con- 
tinued to the highest concentration studied. This 
behavior can be rationalized on the basis that the oil 
is capable of flowing into the residual voids because 
of its very much lower viscosity. Even though the 
same over-all weight of granulation is being com- 
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Tas_e I.—Data OBTAINED FROM THE COMPRESSION OF SULFATHIAZOLE TEST GRANULATION LUBRICATED 


Maximum® 


Upper 
Punch 
Lubricant % Force (Kg.) 

Control 0 1203 
Magnesium stearate 0.1 1038 
0.2 1026 

0.6 LOD 

OS 906 

1.0 1004 

20 996 

4.0 1008 

Stearic acid 0.2 1133 
O.4 LOSS 

0.6 1068 

OLS 1045 

1.0 1052 

2.0 1047 

4.0 1055 

Stearyl alcohol 0.2 1125 
1065 

0.6 LOST 

OS 1078 

1054 

2.0 1061 

10 1O8Y 


WITH MAGNESIUM STEARATE, STEARIC ACID, AND STEARYL ALCOHOL 


Maximum® 
Lower 
Punch LPF Ejection® Force (Kg.) 
Force (Kg.) UPF Median Range 

836 0.69 100 120-90 
933 0.90 20) 18-20 
945 LS 14-20 
14 12-15 
11 
932 0.93 10 
O45 O95 59 
970 0.96 Ss 
867 0.77 72 67-80 
901 0.83 40-52 
912 O85 40-50 
924 0. 88 36 30-40 
928 0.88 35 30-40 
945 0.90 30 30-32 
952 0.90 29 

S64 0.77 50 

S96 0.84 32 

912 O86 2S 

913 O85 30 

921 30 

926 0 S87 ol 

971 35 


“ Each value represents the average of five separate determinations. The average standard deviation 


\ 
for all these runs was ¢ = 13 


6 Each ejection force is the median of five determinations. 


pressed, as the per cent oil increases, the net effect 
is compression of smaller quantities of granulation. 
Thus, less upper and lower punch forces are re- 
quired to compress the smaller volume 

Relative Effectiveness of Lubricants Applied as 
Spray and Powder.—Although the manner in which 
lubricants are added to the granulation would be ex- 
pected to influence their effectiveness, no definite 
experimental evidence could be obtained to clarify 
this situation. An earlier study (4) on tablet lubri- 
cants concluded that a lubricant applied in solution 
form is more effective than a powder dusted on the 
granulation. On the other hand, more quantita- 
tive data obtained as the result of the present study 
do not strongly support this position. In Table II 
the R values of several lubricants applied as ethereal 
solution and as 100 mesh powder are presented. 
No marked advantage of one over the other is seen. 


TaBLe II.—COMPARISON OF THE LUBRICATING 

PROPERTIES OF MATERIALS WHEN APPLIED AS 

SOLUTION AND AS PowDER TO SULFATHIAZOLE TEST 
GRANULATION AND COMPRESSED 

c 3 


Applied as Applied as 
Etheral Solution® 100-Mesh Powder 


Ejec Ejec 

thon thon 

Lubricant R Force R Force 

(2%) Value (Kg.) Value (Kg. 
Myristic acid 0.91 30 0.87 38 
Stearyl alcohol 0.90 40 0.87 32 
Cety! alcohol 0.87 0.90 40) 
Propyl paraben 0.77 80 0.80 70 
Carbowax® 4000% ~=-0..61 120 0.86 38 


* Carbowax® 4000 applied as methanol solution. 


n— il 


Influence of Lubricants and Lubricant Concentra- 
tion on Tablet Properties.— Lubricants are not nor 
mally incorporated into granulations to improve the 
performance of the finished tablets. They are pri- 
marily process aids and are not usually intended to 
contribute directly to the quality and characteris- 
tics of the formed tablets. Because of their nature, 
however, lubricants affect the behavior of tablets 
to a certain degree. Thus, because of their anti- 
binding property they may tend to weaken or soften 
the tablets. Their water repellant characteristic 
may increase disintegration rates. Results of ex 
perimental studies of these factors are presented in 
this section. 

Hardness.—The influence of lubricant concentra 
tion on the hardness of sulfathiazole tablets is shown 
in Fig. 6. As expected the concentration of lubri- 
cants in the finished tablets had a pronounced ef- 
fect on their hardness (Strong-Cobb). Reduction 
in hardness appeared to be greatest for magnesium 
stearate and least for stearic acid with stearyl alco- 
hol occupying the intermediate position. 

Although higher concentration of lubricants pro- 
duced marked drop off in hardness, the lower con 
centrations, i. e., less than 1%, which were quite ef- 
effective for lubricant purposes, did not appear to 
have significant effects. 

Disintegration Time.—The effect of lubricants on 
disintegration time of finished tablets was much 
more marked than on hardness. This is evident in 
Fig. 7. Even in the nominal range employed in 
commercial granulations, magnesium stearate, for 
example, produced over a tenfold increase in release 
time. Stearyl alcohol, although a fair lubricant, 
did not appear to affect the release rate nearly as 
much as the corresponding acid or salt. 
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The large disintegration time of magnesium stear- 
ate tablets can probably be ascribed to the hydro- 
phobic nature of this stearate. Incorporation of a 
wetting agent or other additive may reduce this 
tendency. 
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Fig. 6.— Tablet hardness versus per cent lubricant 
when applied to sulfathiazole test granulation 
Average punch forces during compression was ap- 
proximately 900 Kg. Each point represents the 
median hardness of five tablets. 


CONCLUSIONS 


1. Magnesium stearate and other tablet 
lubricants appeared to adhere to granules and in 
the finished tablet were found to be confined 
to the tablet surface and intergranular spaces. 
Intimate mixing with the contents of granules 
apparently did not occur. 

2. Individual granules appeared to retaia 
their integrity in the finished tablet. The com- 
pression process tended to flatten the granules 
in the tablet. 

3. Approximately 1 per cent lubricant gave 
nearly optimum granulation lubrication when 
applied to the test granulations. 

t. Liquid lubricants were not compressed 
but flowed into void spaces as the tablet was 
compressed. 
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% LUBRICANT 
lig. 7.—-Distintegration time versus % lubricant 
when using sodium bicarbonate test granulation. 
Average punch forces during compression was ap- 
proximately 900 Kg. Each point represents the 
median disintegration time of five tablets. 


5. Reduction of granule-die wall friction 
appeared to depend primarily on the nature and 
amount of lubricant employed regardless of 
whether it was applied as a spray or fine powder. 

6. Increased amounts of lubricants in granu- 
lations tended to vield somewhat softer tablets. 
In the range of lubricant concentration normally 
employed, however, the change in hardness did 
not appear to be significant. 

7. The disintegration time of tablets lubri- 
cated with the normal range of lubricant con- 
centrations exhibited a _ severalfold increase. 
This factor may be of importance when con- 
sidering tablet disintegration and release rates 
of medicinals from tablets. 
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Pharmaceutical Uses of Carbopol® 934” 


By B. MISEK, J. POWERS, J. RUGGIERO, and D. SKAUEN 


This study indicates that a variety of materials can be suspended in Carbopol® 

solutions at varying pH values. In most instances, however, polyvalent metal ions 

are incompatible and are poorly suspended. Results of experiments on the emulsi- 
fying characteristics of Carbopol® solutions are also recorded. 


T= STUDY was undertaken to determine the 

suspending and emulsifying properties of 
Carbopol 934 in combination with various medic- 
inal agents. 

Carbopol 934 is a new synthetic polymer of 
high molecular weight which contains a high 
percentage of carboxyl groups. As supplied by 
the manufacturer, Carbopol is a finely divided, 
free flowing white powder which is dispersable 
in water, vielding a low viscosity dispersion with 
an acid pH. 


with sodium hydroxide, sodium carbonate, or 


Neutralization of the acid polymer 


other alkali results in a clear stable gel with 
Neutralized 
solutions of Carbopol are not subject to bacterial 


increased viscosity characteristics. 


or fungal attack which results in a distinct ad- 
vantage over many of the commonly used phar- 
maceutical adjuncts. Under prolonged periods of 
storage involving room and elevated tempera- 
tures, mucilages of Carbopol are characterized 
by high viscosity retention 

Toxicity and irritation studies have been 
conducted by the manufacturer and the released 
information indicates inertness both from the 
standpoint of dermatology and acute toxicity. 


EXPERIMENTAL 


Two concentrations of Carbopol solutions, 0.25% 
and 0.5%, were prepared and adjusted to pH levels 
of 5,7, and 9. These solutions were used to prepare 
suspensions of a number of medicinal substances. 
The suspensions were compared with blanks con- 
taining no suspending agent, and with controls 
which utilized a vehicle consisting of 2% carboxy- 
methylcellulose 70 M. V. in combination with 0.1% 
Tween® 40 

The Carbopol solutions for this study were made 
by dispersing the calculated amount of Carbopol 
in hot water using a mechanical mixer and then add- 
ing enough 10% sodium hydroxide solution to pro 
duce the desired pH. Slow agitation was used to 
effect the latter step in the process 

The suspensions were made, in a mortar, by trit 
urating the ingredients with a small amount of the 
suspending solution to form a smooth paste and then 


* Received May 5, 1055, from the research laboratories of 
the University of Connecticut, School of Pharmacy, Storrs 

Presented to the Scientific Section, A. Pu. A., Miami Beach 
meeting, May 1955 

! Supplied by the B. F. Goodrich Chemical Co., Cleveland 
15, Ohio 


gradually diluting with the suspending agent to the 
required volume 
50-ce. eyelindrical graduates, set aside for one 
hundred and twenty hours, and then examined to 
determine the percentage of settling. These results 
are recorded in Table I 

Table II contains the results of experiments using 
Carbopol solutions to suspend sulfadiazine, sulfa 
thiazole, and sulfanilamide. In these suspensions 
three different concentrations of Carbopol were 
used, 0.25%, 0.33%, and 0.5%, at the three pH 
levels of 5, 7, and 9. These suspensions were pre 
pared and set aside for stability testing as described 
above 

The value of Carbopo! as an emulsifying adjunct 
was also studied. In order to determine whether 
the quality of the finished product is influenced by 
the method of manufacture, several procedures were 
employed. The two methods which showed the 
most promise were designated as the ‘‘wet’’ and the 
“dry'’ method. To make emulsions by the wet 
method the oil was placed in a mortar and the Carbo 
pol solution slowly added, with trituration, until the 
required volume was reached. Actual emulsifica- 
tion was not achieved until after the mixture had 
been passed through a hand homogenizer several 
times 

To prepare emulsions by the “dry’’ method the oil 
was placed in a dry mortar and a weighed amount of 
Carbopol was uniformly distributed throughout the 
oil. Water was then added, in portions, emulsifica 
tion taking place while triturating. Marked im 
provement resulted by passage of the emulsion 
through a hand homogenizer several times 

These emulsions were placed in 50-ce. cylindrical 
graduates and examined for general appearance 
after one hundred and twenty hours. The results 
are recorded in Table III 

A series of heavy liquid petrolatum emulsions 
were also prepared using a 0.5% Carbopol solution 
containing varying amounts of Tween®-40. These 
emulsions were all prepared by the “‘wet’’ method 
The emulsions were placed in 50-ce. cylindrical 
graduates and examined after one hundred and 
twenty hours. The effect of Tween®-40 on these 
emulsions is recorded in Table LV 


The suspensions were placed in 


DISCUSSION 


Results of the experiments described above indi 
cate that Carbopol 934 is a valuable agent for the 
preparation of both emulsions and suspensions. The 
possibility of having a material in suspension but 
still considered unsatisfactory for other reasons such 
as coarseness or unsightliness was also taken into 
account. For example, in preparations containing 
zine oxide or calamine it was possible to obtain a 
suspension of the zinc oxide or calamine without 
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noticeable sedimentation or caking after prolonged 


torage period However, the suspended material 


ippeared to be highly unsatisfactory when com 
pared with those made with carboxymethylcellu 
lose and bentonite rhe suspended material ap 


peared to be very coarse and granular and was not 
smooth when applied to the skin. Literature sup- 
plied by the manufacturer stated that Carbopol 934 
is not recommended for soluble polyvalent ions 
Results of our experiments indicate that even spar 
ingly soluble polyvalent ions are not suspended in a 
satisfactory manner with Carbopol. Changing the 
neutralizing agent from sodium hydroxide to sodium 
carbonate has no effect on the character of the sus- 
pension 

In general, better suspensions were obtained using 
0.5% Carbopol than with any other concentration 
Higher concentrations tend to form gels too thick 
to pour while lower concentrations are not as ef- 
ficient in maintaining a stable suspension. As far 
is suspending ability was concerned only very slight 
differences were noted in the majority of cases be 
tween the three PH levels 5, 7, and 9. 

Satisfactory were readily obtained 
with oil of pine, coal tar solution, and ichthammol 
An unusually good suspension of precipitated sulfur 
was obtained with the 0.5%, bH 7 solution Ben 
zoie acid, 


acetylsalicylic acid, zinc 
oxide, bismuth subecarbonate, and calamine were not 


rcceptably suspe nded by Carbopol 934 in any of the 


salicylic acid, 


ind viscosities used 

Sulfadiazine, sulfathiazole, and sulfanilamide were 
weceptably suspended with a 0.33% Carbopol solu- 
tion. With sulfanilamide, however, a_ distinct 
granular appearance was noted, which was consid 
unfavorable characteristic, even 
though complete suspension was maintained. Since 
the initial results were so favorable, stability studies 
on all containing sulfonamides were 
continued for one month. Each of the sulfonamide 
suspensions was divided into three portions which 
were placed into two-ounce prescription bottles and 
One bottle was placed in the re 
frigerator, a second in the oven at 40°, and a third 
was kept at room temperature. Crystal growth was 
noted in all of the sulfanilamide suspensions after 
one month was evident in any of the 
stored samples of sulfadiazine after a one-month 
With the exception of the appearance of a 
slight vellow coloration in the 40° samples of sulfa 
thiazole no other change was noted with these stored 


strengths 


ered to be in 


suspensions 


securely capped 


No change 


period 


samples 


SCIENTIFIC 


EDITION 


The evidence collected from the experimental 


work with emulsions shows that Carbopol is an 
emulsifying agent under proper conditions. No 
generalities as to which method of preparation 


should be considered as the best for emulsification 
purposes can be made. Satisfactory emulsions of 
liquid petrolatum prepared by" the “dry"’ 
method but comparable emulsions could not be made 
by the method. On the other hand, the 
“wet'' method vielded good cottonseed oil emulsions 
while unsatisfactory emulsions were obtained by 
the “dry’’ method. When 2 Gm. of dry Carbopol 
was used to prepare 100 ce. of a 15% turpentine 
emulsion no separation occurred as compared with 
almost complete separation of the same emulsion 
prepared with 5 Gm. of acacia 

The addition of 


were 


“wet” 


Tween®-4u to 0.5% Carbopol 
solutions improved liquid petrolatum emulsions 
considerably. Optimum results were obtained with 
0.5% or more of Tween® and pH 7 and 9 of the 
Carbopol solutions 


CONCLUSIONS 


1. Carbopol 934 is a valuable agent for the 
preparation of emulsions and suspensions. 

2. Carbopol 934 is not recommended as a 
suspending agent for polyvalent ions such as 
calamine, zinc oxide, and bismuth subcarbonate. 

3. Neutralized, 0.5 per 
Carbopol 934 appear to be the optimum for 


cent solutions of 
suspending purposes. 

1. Good suspensions of oil of pine, coal tar 
solution, ichthammol, and precipitated sulfur 
can be made with 0.5 per cent pH 7 Carbopol 
solutions. 

5. Sulfadiazine and sulfathiazole suspensions 
with Carbopol 934 
physical stability characteristics even at ele- 


maintained satisfactory 
vated temperatures for one month. 
6. Carbopol 934 can be utilized as an emulsi- 
fying agent both in solution and as a dry powder. 
7. The addition of Tween® 40 in low concen- 
trations improves the quality of emulsions pre 
pared with Carbopol 934. 
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Influence of Glucose and Insulin Pretreatment 


Upon Morphine Analgesia in the Rat 


By W. M. DAVIS,? T. 


MIYA, and L. D. EDWARDS; 


A study was made of the effect of glucose and of insulin pretreatment on the analgetic 


action of morphine in rats as determined by the D’Amour-Smith method. 


Both 


glucose and insulin in certain doses were found to potentiate and 7? —_— 
cantly the analgetic action of morphine. 
glucose showed a peak analgetic response 57 per cent greater than their pte 


to morphine alone. 


cemia. 
mechanisms of these effects. 


| ‘ue EFFECT of morphine 
the blood level 


gluce se 


administration upon 

inimals has been 
widely investigated. The possibility of an in- 
effect of 


level upon the analgetic effectiveness of morphine 


verse relationship, an blood = glucose 


has not been studied previously. Morphine has 


been found produce hyperglycemia at some 


dosage level all common laboratory animals 


l). 
cemic response which is said to parallel the dura 


In rabbits morphine causes a hypergly 
tion of the analgetic effects (2) 

Insulin or glucose pretreatment has been found 
to alter the pharmacological actions of several 


drugs. Insulin has been reported to prolong 


hexobarbital anesthesia in mice and to shorten 


pentobarbital anesthesia in rabbits (3, 4) 
Lamson, Greig, et al. (5, 6) have shown potentia 
of by 


glucose and its metabolic products in 


tion barbiturate anesthesia injection of 


guinea pigs 
rabbits, dogs and Bester and 
Nelson (7) 


the albino rat 


cats, pigeons 


have reported the same glucose effect 


in It has been suggested that 


these observations may be due to changes m 


osmotic balance, permeability, and or detoxi 


fication systems. 
be 


in 


A clinical report indicates a relationship 


tween insulin and glucose injections which 
creases the rate of disappearance of blood alcoho! 
in intoxicated patients (S Intravenous injec 
solutions 
of 
Rabbits made hyper 
of 


intoxication than untreated 


tions of isotonic or hypertonic glucose 


are reported to alter the pressor action epi 


nephrine in rabbits (9). 


glycemic by intravenous injection glucose 


showed less cocaine 


rabbits 


* Received May 5. 1955, from the Purdue University 
School of Pharmacy, Lafayette, Ind 
Presented to the Scientific Section, A. Pu. A., Miami Beach 


meeting, May 1955 
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Rats pretreated with 0.6 Gm. 


Kg. 


Rats pretreated with 0.5 u./Kg. of insulin showed a peak anal- 
getic response 30 per cent greater than their response to morphine alone. 
potentiation produced by glucose was not proportional to the 


The 
egree of hypergly- 


Probably neither hyperglycemia nor hypoglycemia per se are the direct 
Possible mechanisms are discussed 


In view of these reports the effects of glucose or 
insulin administration upon morphine analgesia 
have been investigated. 


EXPERIMENTAL 


Methods and Procedure. — Adult Sprague-Dawle\ 
140 and 250 Gm used 
Food and water were freely available except during 
the experiments. Blood glucose determinations 
were made by the micro-method of Hoffman adapted 


albino rats between wert 


for use on a spectrophotom« ter (11 Samples of 
().l ce. of venous blood from the tail were used for the 
inalyses. The range of normal blood glucose levels 


was determined in unfasted Low 
degrees of hyperglycemia were 
peritoneal injections of 0.6 and 2 
glucose in 6°) and 25% 
Hypoglycemia produced 
injection of 0.5 u./Kg. of insulin injection U 

After ascertaining the effects of the above treat 
ments upon the level, the effect of 
such glucose and pretreatments upon the 
inalgetic action morphine determined 
Analgetic activity measured by means of the 
D’Amour-Smith method using the tail-flick response 
of the rat to thermal pain stimulus (12 A cutoff 
time of ten seconds and a normal response time of 
used 
dure was employed for making comparisons between 


rats and high 
produced by intra 
Kg. doses of 
respectively 
intraperitoneal 
Ss. P 


5Gm 
solutions, 


was by 


blo« od glucose 
insulin 
of 


was 


was 


four to five seconds were A crossover proce 


drug treatments, with groups of 12 to 24 rats 
Reaction times were determined at fifteen-minute 
intervals after morphine administration. The 


mean analgetic response of a group of rats was ex 
pressed as per cent increase over the mean premor 
phine reaction time A 10 ing./Kg of mor 
phine sulfate injected intraperitoneally 
minutes after glucose or seventy-five minutes after 
insulin. The effects of injections of normal saline, 
glucose, and insulin solutions upon normal reaction 
thresholds were investigated in rats 
morphine 


dose 


was ten 


not receiving 


served as control tests 
RESULTS 
Blood Glucose Determinations..-Mean normal 
level ( std. error) in 20 untreated 
rats was found to be 125.0 + 2.9 mg. °; Twelve 
rats receiving 0.6 Gm./Kg at 
forty minutes after intraperitoneal injection a mean 


ble vod glucc se 


of glucose showed 
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blood glucose level of 1446 + 26 mg. ‘; At 
twenty minutes after injection of 2.5 Gm./Kg. of 


glucose in six rats the mean blood glucose level was 
205.7 + 15.4 mg. °, while after two hours it had 
fallen to 176.2 + 12.2 mg. % Mean blood glucose 
levels for eight rats treated with 0.5 u /Kg. of insulin 
it one, two, and three hours after injection were 
69.1 + 4.0, 65.5 + 6.3, and 72.3 + 58mg. % The 
0.5 u./Kg of insulin did not central 
nervous system depression, coma, or convulsions as 
did 10 u./Kg 

Analgetic Activity Tests. 
10 mb /Kg. of 0.9% sodium chloride solution, 0.6 
Kg. of 6% glucose solution, and 0.5 u./Kg 
of insulin were found to have no effect on the normal 
reaction times of groups of 12 rats when tested at 
fifteen-minute intervals for two hours. After injec 
tion of 2.5 Gm./Kg. of 25% glucose solution there 
was a significant increase in the mean reaction time 
of the group which ranged from 8.1% to 
over the preglucose mean, and which averaged 16.4% 
for the two-hour test period 


dose cause 


Control injections of 


(am 


29.5% 


rests for effects of glucose or insulin treatment 
upon the analgetie effectiveness of morphine were 
earried out by procedure. The re- 
sponses of groups of rats to 10 mg./Kg. of morphine 
sulfate with and without pretreatment were com 
pared. Results of these comparisons are shown in 
lable I The effects of glucose or insulin treatment 
on the morphine responses of groups of rats were 
tested for statistical significance at each time inter 
by means of a “t” test. Differences which 
showed a probability of 5°) or less are indicated in 
the table. It was observed that pretreatment with 
0.6Gm./Kg. of glucose produced a significant poten 
tiation of the morphine analgesia during and after 
the peak time of action of morphine as shown in Fig 
1. Pretreatment with 2 Kg. of glucose pro 
duced no significant effects on the peak analgetic 
ictivity of morphine; however, the analgetic level 
fell more rapidly with morphine alone. Treatment 
with 0.5 u./Kg. of insulin was also found to cause 
of the analgetic action of morphine 
throughout the test period (Fig. 2). 

In order to determine if some factor of modified 
ibsorption might be responsible for the observations 
of potentiation a group of 12 rats was tested as pre 
viously described except that the 0.6 Gm./Kg. of 
injected subcutaneously rather than 
intraperitoneally. The results of this test shown in 
lable I indicate that the site of injection of the glu 


the crossover 


val 


5 Gm 


in mmcreast 


glucose was 


1.—REsSULTS OF ANALGETIC Activity TEsTs 
Dose of Dose of Normal Time After Morphine (10 mg. /Kg., I. P.) in Min 
Glucose Insulin Reaction 1S 40 45 60 75 90 105 120 
Gm./ Keg u./Kg lime, sec Average Per Cent Increase in Reaction Time 
nf $.12 51 92.7 104.6 86.4 80.3 65.8 36.7 
134 42.8 66.6 4.0 34.3 20.5 12.9 
2.0 :.12 12.0) 108.7 107.0 86.4 85.2 68.9 61 
3.92 79.3 119.4 106.1 93.9 71.4 59.7 45.4 36 
od 183 55.3 79.5 78.9 63.6 8 43.9 35.8 25 
1.67 23.6 G1.2 38.8 9 17.3 5.1 
et 1.74 20.3 938.5 98.7 92.4 87.1 77.9 73.6 48 
177 23.1 759.5 88.7 82.0 66.7 50.9 36.9 31 
All groups received 10 mg. Kg. of morphine sulfate intraperitoneally at zero time 
Single underline indicates difference between paired figures is significant at 5°) level 
Double underline indicates difference between paired figures is significant at ! level 


* Intraperitoneal injection; 24 rats 6 
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Subcutaneous injection 
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Fig. 1 Potentiating effect of glucose on mor- 


phine analgesia @, glucose, 0.6 Gm 
morphine sulfate, 10 mg 
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Fig. 2.—Potentiating effect of insulin on mor- 


phine analgesia. @, insulin, 0.5 u./Kg. plus mor- 
phine sulfate, 10 mg./Kg. @, morphine sulfate, 10 


ng./Kg 
cose is not a primary factor in the potentiating 
effect. At every interval but the first the responses 


of the glucose-treated rats exceeded the nontreated 


responses 
DISCUSSION 
The possibility of a direct correlation between 
blood glucose level and the analgetic effectiveness of 


12 rats 
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morphine in the rat was refuted by the finding that 
glucose and both produced 
potentiation of Obviously, factors other 
than blood glucose level per se are 


insulin treatments 
inalgesia 
involved in the 
observed alterations of morphine analgesia 

Che threshold-raising effect seen after Injection ol 
25, glucose may have been due to pain caused by 
muscular contracture and by irritancy of the highly 
hypertonic solution as it was introduced into the 
peritoneum That the presence of painful 
stimulus may raise the threshold of response to an 
other stimulus has been shown by Hardy, W olff, and 
(Goodell (13 

Although there 
degree and manner of conjugation of morphine in 
the detoxication process, it is known that a very 
large proportion of administered morphine is ex 
ereted in conjugated form by the rat (14 Sines 
conjugation is carried out mainly in the liver, and 
since both glucose and insulin affect some of the 
functions of the liver, there may be a common effect 
of glucose and insulin upon liver metabolism which 
leads to an inhibition of morphine conjugation and 
Bester and Nelson (7 
suggest that the glucose effect on barbiturates may 
be due to such an inhibition of detoxication 

rhe findings of Lamson, Greig, and Williams (15 
in regard to the mechanism of the glucose effect on 
barbiturates may be applicable to the present study 
hey found that adrenalectomy or the administra 
tion of adrenergic blocking agents prevents the glu 
cose effect, and from this concluded that the glucose 
effect is a release of epinephrine 
Several other investigators have proposed that a 
part of the ction of morphine is ordinarily 
mediated by the release of epinephrine which it pro 
vokes (16, 17, 18 


one 


is considerable species Variation in 


thus produces potentiation 


mediated by 
inalgetic 
lecreased (17 


Adrenalectomy 


IS) and epinephrine increased (16, 18) the same 
inalgetic action of morphine in rats and dogs 
Epinephrine alone has been reported to have: (a 
in analgetic effect in man and in dogs (19, 20): (b 


in inhibitory effect on synaptic transmission of nerve 
impulses at cortical and levels of the 
central nervous system (21); and (c) a potentiating 


effect on barbiturate and chloral anesthesia (13, 16 


subcortical 


In this investigation the adrenergic blocking agent 
Priscoline® was found to potentiate the analgetic 
iction of morphine in rats as has been reported by 


Semler and David (22 Dibenamine® (22) and 
several dihydrogenated ergot alkaloids (23) also 


have shown this action; thus it was not possible to 
determine whether adrenergic blockade could pre 
vent the morphine potentiation observed in’ this 
study 

Although the response has not been specifically 
shown, it appears from the work of Lamson, et a/ 
that 
nephring 


injection of glucose causes a release of epi 
Insulin also is known to cause such a re 


le ise of epinephrine from the adrenals as 1 compensa 


XLV, No. 1 
tory response to hypoglycemia (24, 25, 26 Phere 
fore, 1t seems possible that both insulin and glucose 
have their potentiating effect on morphine analgesia 
in the rat by means of a release of « pinephrine 


SUMMARY 


l lreatment with 0.6 or 2.5 Gm Ky. of 
was found to 
potentiate morphine analgesia in the albino rat 


as measured by the D’Amour-Smith method 


glucose or 0.5 u. Keg. of insulin 


2. Hyperglycemia and hypoglycemia per se 


are not correlated with the potentiating effects 
of glucose and insulin. 


3. It is postulated that glucose and insulin 


treatments produce similar potentiating effects 
due to a common action involving detoxification 
systems of the liver or the release of epinephrine 


from the adrenal gland 
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Book Notices 


Vew Zealand Pollen Studies: The Monocotyledons 
By Lucy M. Cranwett (Mrs. Lucy Cranwell 
Smith Bulletin of the Auckland Institute and 
Museum (N. Z.) No. 3. Harvard University 
Press, Cambridge, 1952. 91 pp Illustrated 
215 x 28 em. Price $3.50 (paper bound), $5.00 
(cloth bound 
In addition to being a comprehensive study of the 

pollens of the monocotyledonous plants of New 

Zealand, the present volume presents much useful 

background detail on palynology (the science of 

pollen grains and spores). Th’‘s introductory study 
of pollen structure, development, and terminology 
is highly serviceable to one desirous of an insight 
into this specialty. It is superfluous to elaborate 
on or defend the statement that pollen-spore study 
is of outstanding importance to the allergist and 
food and drug chemist as well as to the taxonomist 
and paleobotanist 

The authoress is to be congratulated on her thor 
ough analysis of the varied nomenclature employed 
by the different authorities in this field. She has 
documented her discussions of most species with an 
impressive array of references, and in fully and ac- 
curately citing the work of others has the more sub 
stantially established her own findings 

It would be difficult to have too many illustrations 
on a subject in which physical form and detail are 
of such outstanding importance. The collotype 
plates and excellent line drawing text figures are very 
helpful in demonstrating a majority of the species 
enumerated im the text 

It is to be hoped that the authoress will in the 
course of time prepare additional monographs on 
the pollens of the New Zealand dicotyledons, as ts 
suggested in the Foreword, although the magnitude 
of such an operation would seem almost overwhelm- 
ing. GeorGe M. HockInG 


The ISCC-NBC Method of Designating Colors and a 
Dictionary of Color Names. National Bureau of 
Standards Circular 553. U.S. Government Print- 
ing Office, Washington, 1955. v + 158 pp 
205x 26.6em. Price $2 
rhis Dictionary is designed to assist the scientist, 

business man, and layman to understand the dif 

ferent color vocabularies used in the many fields 
of art, science, and industry and to translate one 
into the other. More than 7500 individual color 
names are recorded and the Dictionary relates the 
various color names to those outlined by the Inter- 

Society Color Council and developed by the Na- 

tional Bureau of Standards 


Laboratory Outlines and Notebook for Organic Chemis- 
try. 3rd ed. By Ceci E. Boorp, WALLACE R 
Brope, and Roy C. Bossert. John Wiley and 
Sons, Inc., New York, 1955. xi + 314 pp 
22.5x 27.8cm. Price $3.90. 

In the preparation of the Third Edition of this 
manual, the authors have retained the approach and 


63 


basic form of the previous editions. Several new 
procedures have been added, such as those illus- 
trating the basic principles of chromatographic 
separation; the preparation of acetone by the 
oxidation of isopropyl alcohol; the preparation and 
properties of n-propylamine; the preparation of p- 
tert-amyl phenol; and stabilized diazonium salts 
and diazo-printing papers 


American Pharmacy. Textbook of Pharmaceutical 
Principles, Processes and Preparations 4th 
ed. Edited by Rurus A. LYMAN and Joserpn B 
Sprowis. J. B. Lippincott Company, Phila- 
delphia, 1955. xvii + 478 pp. 18.5 x 26 cm 
Price $9.75, and Textbook of Pharmaceutical 
Compounding and Dispensing. 2nd ed. Edited 
by Rurus A. LyMAN and Josepu B. Sprow is 
J. B. Lippincott Company, Philadelphia, 1955 
xvii +477 pp. 18.5x26cm. Price $9.50 
The Textbook of Pharmaceutical Principles, Proc- 

esses and Preparations is now in its fourth edition. 
A book which has passed through four editions 
within a ten-year period is too well known to phar- 
maceutical educators to require a detailed review. 
The Fourth Edition has been revised to conform to 
the Fifteenth Revision of the “United States Phar- 
macopeia”’ and the Tenth Edition of the ‘National 
Formulary.’ Some of the chapters have been re- 
arranged and rewritten to provide a more logical 
progress of subject matter, and a limited number of 
new illustrations have been added to enhance the 
value of the book. The newer types of medication, 
including radioactive pharmaceuticals, are ade- 
quately covered in the Fourth Edition. The editors 
have maintained a uniform style throughout the 
book which is no easy matter when so large a num- 
ber of contributors are involved. 

The Second Edition of the Textbook of Pharmaceu- 
tical Compounding and Dispensing has been ex- 
tensively revised and greatly expanded and now 
includes, in a single volume, undergraduate discus- 
sions of such subjects as Dispensing Through the 
Ages; The Prescription; Accuracy in Dispensing; 
Dosage Forms; Flavors and Odors and Their Phar- 
maceutical Application; Coloring Agents; Solvents 
and Solubility; Some Properties of Aqueous Solu- 
tions and Their Applications to Pharmacy; Paren- 
teral Preparations; Colloids, Emulsions and Sus- 
pensions; Dermatologic Pharmaceuticals; Incom- 
patibility and the Incompatibilities of Inorganic 
Compounds; Incompatibilities of Organic Com- 
pounds; The Manufacture of Tablets; Dental 
Pharmacy; and Hospital Pharmacy 

The text has been revised to conform to the 
terminology of U.S. P. XV and N. F. X. Physical 
chemical principles have been stressed to a greater 
extent than in the First Edition and the book ap- 
pears to have been modernized in every respect. 
It should serve the pharmacy student adequately 
as a foundation for the problems he will meet later 
in the compounding and dispensing of prescriptions. 
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Biochemist y of the Developing Vervous System 
Proceedings of the First International Neuro 
chemical Symposium, held at Magdalen College, 
Oxford, July 13-17, 1954 HEINRICH WAELSCH, 
Editor, Academic Press, Inc. New York, 1955 
+ S37 pp. 16x 23.5em. Price $11.50 
his book presents the proceedings of the First 

International Neurochemical Symposium, held at 

Magdalen College, Oxford, in July 1054 The 

um of the Symposium, as it continues, will be to 

define and summarize the state of neurochemistry 

Im its many aspects Phe First Symposium was 

divided into the following six categories: I. Mor 

phological and Functional Ontogeny of the Central 

Nervous System; II Phe Chemical Composition 

of the Developing Nervous System: III Dynamic 

Biochemistry of the Developing Nervous Sys 

tem; I\ Enzymatic Differentiation in Relation 

to Function; V. Cellular Chemistry; and VI. In 
trinsic and Extrinsic Factors in the Development of 
the Nervous System 

Several papers by international authorities, on 
the subjects covered, were included in each section 
rhus, the general subject for the first in the series of 
neurochemical symposia was actually a discussion 
on chemistry in relation to the development of the 
nervous system 


Chemical Trade Names and Commercial Synonyms 
By Wittiams Haynes. D. van Nostrand Com 
pany, Inc., Princeton, N.J., 1955. vi + 466 pp 
16 x 23.5 em. Price $8 
Phis is a very useful, specialized type of dictionary 

of chemical trade names giving information con 

cerning the nature of the products to which they re 
late and where they may be obtained 
he first edition of this book was published in 

October, 1951 and the design adopted at that time 

has been followed in the second edition The 

second edition, however, contains one-quarter mort 


entries than its predecessor and presents somewhat 
more precise and complete definitions of the special 
names used in the modern chemical industries 

An unusually useful feature of this dictionary is 
that it covers both abbreviations used to sunplify 
unwieldly technical names of organic compounds 
used in manufacturing and other processes, and 
terms comed by manufacturers. Many mor 
manufacturers are listed in the second edition than 
in the first Phis dictionary should serve as an 
invaluable aid to chemists, manufacturers, pur 
chasing agents, and anyone else who deals with in 
dustrial chemicals 

The author has made no attempt to include trade 
mark names of drugs because they are not generally 
classified as industrial chemicals Moreover, in 
formation on drug names is readily availabh in other 
dictionaries and encyclopedias 


Essentials of Pha Me logy ord ed By FRANCES 
K. O-puam, F. E. Kevsey, and E. M. K. Gemine 
J. B. Lippincott Company, Philadelphia, 1955 
xv +520 pp. 14.5x2lem_ Price 
Phe objective of this book is to present the general 
principles of pharmacology and to furnish the 
student with a broad and modern survey of the 
present status of this subject In general, the 
style of presentation is essentially the same as 
that employed in the two earlier editions 
In the new edition, the chapter entitled ‘Mis 
cellaneous Chemotherapeutic Agents’ has been re 
placed by two new chapters devoted to intitryp 
anosomal agents and to the chemotherapy ol 
tuberculosis and leprosy. A new chapter entitled 
“Antireponemal Agents’ has replaced the chapter 
entitled “Arsenic and Bismuth Compounds This 
was done because the arsenicals have been replaced 
largely by penicillin in the treitment of syphilis 
All chapters of the 
extensive revision 


ok have undergone more or k 


BOOKS RECEIVED 


The Medical Clini Vorth America Symposia 
from Philadelphia on (1) Diabetes and Obesity, 
2) Gynecology and Obstetrics in General Practice 
W. B. Saunders Company, Philadk Ilphia, No 
vember 1955. ix + 300 pp. 15.5 x 23 em 


Chemical Trade Names and Commercial Synonyms 
By Wittram Haynes. D. van Nostrand Com 
pany, Inc., Princeton, N. ]., 1955. vi + 466 pp 


16 x 23.5 em Price $8 


Inne Report of the Board of Regent the Smith 


an Institution 


Showing the operations, ex 
penditures, and condition of the institution for 
the year ended June 30, 1954 I S. Govern 
ment Printing Office, Washington, 1955. ix 


155 pp. 15 x 23.5 em 


1954 Vacuum Sym posiun Transactions Com 
mittee on Vacuum Techniques, Ine., Boston, 
1955. ix + 147 pp. 22 x 225cm. Price $10 


Organic Synthese Vol. 35 I L. Cairns, Editor 
John Wiley & Sons, Inc , New York, 1955. vi 


122 pp lo5x 23.5 em Price 83.75 


Salt and Water, Power and People. A short history 
of Hooker Electrochemical Company By 
Rosert E. Tuomas Hooker Electrochemical 
Company, Niagra Falls, N. ¥.. 1955 xi + 100 
pp IS 5x 23.5 em 


The ISCC-NBC Method of Desieon uting Colors and ¢ 
Dictionary of Color Name National Bureau of 
Standards Circular 553 >. Government 
Printing Office, Washington, 1955. yv + 158 pp 
2).5x 26.6em. Price $2 

Vedical Support the Army Air For n World 


War By Mae Mitts Link and A 
COLEMAN. Office of the Surgeon General I SAF, 


Washington, 1955. xxii IS x 25.5 


em 


1027 pp 


PROMULGEN 


a versatile and powerful 


nomionic emulsifying oint- 
ment base with effective 


emollient properties. 


"ROBINSON WAGNER C0, INC: 
= 


ftorming lustrous 
white liquid and solid oil-in-water 
emulsions that tolerate large con- 


tions of quaternary ammo- 


nium antiseptics, therapeutic agents 
anionic or cationic structure, 


salts of polyvalent metals and in- 


soluble powders. These emulsions For further information and 
remain stable over a wide range of formulation data request 
temperature and pH conditions and Product Bulletin 49. 


may be subjected to autoclave 


sterilization 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the fields of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 
hospital, and other facilities for graduate work are outstanding in this area. 


The Massachusetts College of Pharmacy is located in this great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in further 
study in pharmacy, pharmaceutical chemistry, and pharmacognosy. 


For additional information, write to HOWARD C. NEWTON, Dean 


Our scales have no bands or wires 
Scale illustrated is our h or break i 

No. 540 Popular Model net oh Still the best 
Capacity—4 oz. (120 grams) 
Sensibility 
Reciprocal—1/10 grain 
Finish—Genuine light mahogany 

with chrome plated parts 

Price—$145.00 


PROMPT DELIVERY 


and lowest priced 
scale made 


HENRY TROEMNER 


Write to Us or Your Jobber 


‘ about Trade In 
on this as well as other class 
A scales 911 Arch Street 
$110.00 
98.00 Philadelphia 7, Pa. 


All With Stainless Steel Pans (Send for Circular A-A) 
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Veegum is a unique suspending, emulsifying and binding agent 
developed to enhance the physical qualities of your liquids, 
phy 

lotions, pastes, and tablets. /norganic, Veegum suspends at lower 
viscosities than ordinary gums — thixotropic, it gives added 
long-term stability — thickening slightly with heat, it maintains 

product consistency at above-normal storage temperatures. 


Aqueous dispersions of nontoxic, white Veegum are compatible 
with most oils, fats, waxes, and solvents over a wide range of pH. 


Try Veegum in your own laboratory. You will find it a versa- 
tile, high-quality physical conditioner for all your pharmaceuticals. 


Q e. T. VANDERBILT CO. 


SPECIALTIES DEPARTMENT 


SEND 230 PARK AVENUE NEW YORK 17,N. Y. 
FOR Please send [) Veegum Bulletin B53) Sample of Veegum 
te me C) Information on using Veegum for: 
APPLICATION 
VEEGUM NAME 
STORY POSITION 


Please attach to or write on your company letterhead) 
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